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Contract No. COR I-8101 

CONSTRUCTION AGREEMENT 

THIS AGREEMENT is made and is effective as of this 1st day of 
June, 1981, by and between ANACONDA COPPER COMPANY, a Division of 
The Anaconda Company, hereinafter called "Anaconda", and Nielsons, Inc. 
hereinafter called "Contractor". 

In consideration of the mutual promises and conditions contained in 
this Agreement, and other good and valuable consideration, receipt and 
sufficiency of which are acknowledged, the parties agree as follows: 

1,1 The following documents are attached to and made a part of this 
Agreement: 

1.2 The work and services to be performed by Contractor under this 
Agreement are hereafter referred to as the "Work". 

1.3 Contractor shall supply all labor and supervision, supplies, 
material, tools, machinery and services necessary to perform the Work, 
except as may be otherwise provided in Exhibit E. 

ARTICLE II - PERFORMANCE OF THE WORK BY CONTRACTOR 

2.1 Contractor represents that it has obtained all necessary 
information on conditions and circumstances which may affect its 
performance of the Work, including any necessary visits to the site of the 
Work, hereafter referred to as the "Site". Any information furnished by 
Anaconda is not a representation or warranty by Anaconda, and Anaconda 
is not responsible for the accuracy or completeness of such information. 

2.2 Before undertaking the Work, Contractor shall, in the exercise of 
its expert and professional judgment, examine and verify all information 
contained in or furnished in connection with this Agreement, and shall at 
once report in writing to Anaconda any error, omission or discrepancy in 
such information. Contractor represents that it has become familiar with 
the nature and extent of this Agreement, the Work, and any local 
conditions that may affect its performance under this Agreement. 

ARTICLE I - GENERAL 
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2.3 Contractor shall employ sufficient labor and supervision to work 
as many shifts per week as necessary to complete the various components of 
the Work by the interim completion dates specified in the Approved Work 
Schedule. Contractor shall enforce strict discipline and good order among 
its employees, and shall not employ on the Work any person that Anaconda, 
in its sole discretion, objects to for any reason. 

2.4 To supervise the Work, Contractor shall employ a competent 
Superintendent satisfactory to Anaconda, Who shall be at the Site or readily 
available during all working hours, and: who shall have the authority to act 
for Contractor in ail matters concerning the performance and scheduling of 
the Work. Contractor shall not propose or permit the reassignment of any 
key supervisory, technical or management personnel assigned to the Work 
without the consent of Anaconda. 

2.5 Unless otherwise specified, all materials incorporated in the Work 
shall be new, and of good quality, and acceptable to Anaconda. Contractor 
shall secure Anaconda's approval before substituting materials for those 
specified in this Agreement. 

2.6 Contractor agrees to perform the WOrk in a professional and 
workmanlike manner in accordance with generally accepted practices for the 
nature of the Work. If any part of the Work is found to be defective 
during the performance of the Work, or prior to or within one (1) year 
after Anaconda's acceptance of the Work, or such a longer period of time as 
may be prescribed by law or by the terms of any applicable special 
guarantee, Contractor shall correct the defect or replace it with 
nondefective work at Contractor's expense. If Contractor does not 
promptly take corrective action, Anaconda may have the defective work 
corrected and replaced, and all direct and indirect costs of such correction 
and replacement, including compensation for additional professional services, 
shall be charged to Contractor. 

2.7 Contractor is responsible for initiating, maintaining;, and 
supervising; all necessary safety precautions and programs in connection 
with the Work. Contractor shall take ail necessary precautions to prevent 
damage, injury or loss to: 

(a) All persons on the Site, and ail persons who may be affected 
by the Work; 

(b) All the Work, and all materials or equipment to be 
incorporated therein, whether in storage on or off the Site; and 

(c) Other property at the Site or adjacent thereto. 

Contractor shall comply with all applicable laws, ordinances, 
rules, regulations, and orders of any public body having jurisdiction for 
the safety of persons or property or for the protection of them from 
damage, injury or loss. 
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2.8 Prior to commencing the Work, Contractor shall obtain in writing 
and provide Anaconda with copies of all licenses, permits and authorizations 
required for the Work, except as may be otherwise provided in Exhibit E. 

2.9 Contractor shall comply with all licenses, permits and 
authorizations required for the Work by all governmental authorities having 
jurisdiction over the Work, as well as other applicable laws, rules and 
regulations of any federal, state or local governmental authorities having 
jurisdiction over the Work, including but not limited to health, safety and 
environmental protection laws. If the Work is under the jurisdiction of the 
Federal Mine Safety and Health Administration ("MSHA"), Contractor shall 
apply for and obtain a permanent MSHA identification number. 

2.10 Contractor shall keep the Site free from any unnecessary 
accumulation of waste materials and rubbish and shall keep and leave the 
Site and the Work in a neat and orderly condition. 

2.11 Contractor shall promptly, and before such conditions are 
disturbed, notify Anaconda in writing of any subsurface physical conditions 
encountered at the Site which: 

(a) Differ materially from those indicated in this Agreement, and, 

(b) Could not reasonably have been anticipated based upon the 
conditions indicated in this Agreement, and, 

(c) Were previously unknown, and, 

(d) Are not usually encountered under similar conditions in 
similar work. 

Anaconda shall promptly investigate such conditions. If 
subsurface physical conditions have the characteristics enumerated above, 
and cause a material increase or decrease in Contractor's cost of, or in the 
time required for, performance of any part of the Work, an equitable 
adjustment of time and compensation shall be made. 

2.12 If: 

(a) The Work is defective, or 

(b) Contractor fails to supply sufficient skilled workmen, suitable 
materials or equipment, or adequate supervision, or 

(c) Contractor fails to make prompt payments to subcontractors, 
or for labor, materials or equipment, or 

(d) Contractor fails to comply with any applicable laws or 
regulations of governmental authorities, or 

(e) Contractor fails to perform any other material obligations 
required by this Agreement, 
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Anaconda may, without allowance for additional time or compensation, order 
Contractor to stop the Work, or any portion thereof, until the cause for 
such order has been eliminated. The right of Anaconda to stop the Work 
under this Paragraph shall not give rise to any duty on the part of 
Anaconda to exercise this right for the benefit of Contractor or any other 
party. 

ARTICLE III - ANACONDA'S REPRESENTATIVE 

3.1 Anaconda's Representative for the administration of this 
Agreement is the person designated as Project Representative in 
Paragraph 17.9. Contractor shall be notified in writing if a new 
Representative is named. For the purposes of this Agreement, Anaconda's 
Representative is the person to whom Contractor shall: 

(a) Refer all questions, 
(b) Give all notices, 
(c) Submit all requests for approvals and authorizations, and 
(d) Submit all progress reports as required. 

ARTICLE IV - SUBCONTRACTORS 

4.1 Contractor shall only employ subcontractors that Anaconda, in its 
sole discretion, has approved in writing. There shall be no contractual 
relationship between Anaconda and any subcontractor with respect to the 
Work performed under this Agreement. Contractor shall be as fully 
responsible to Anaconda for the acts and omissions of any subcontractor as 
Contractor is for its own acts and omissions. 

ARTICLE V - WORK SCHEDULE 

5.1 Contractor shall submit to Anaconda a proposed Work Schedule for 
the Work set out in a form in conformance with the Project Control 
Requirements attached to this Agreement as Exhibit D. 

5.2 After review and approval of the proposed Work Schedule by 
Anaconda, the Schedule shall be binding on both parties, and shall be 
changed only in conformance with the provisions of this Agreement. 

ARTICLE VI - TAXES 

6.1 Contractor shall pay all taxes and contributions levied on the 
payroll of its employees engaged in the performance of the Work, and all 
sales, use, excise, property and other taxes levied upon or applicable to 
materials, supplies, equipment or services furnished by Contractor. 
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ARTICLE VII - CHANGES, DELETIONS AND EXTRA WORK 

7.1 Anaconda may, at any time, make additions, deletions, or changes 
in the Work of either a major or minor nature. All such modifications shall 
be authorized by written change orders. 

7.2 In the event that a change order requires the performance of 
extra work, Contractor shall submit to Anaconda a lump sum or unit price 
bid to perform such extra work. Anaconda shall then have the right to 
have such extra work performed either: 

(a) By Contractor pursuant to Contractor's lump sum or unit 
price bid, 

(b) By Contractor at the general Cost Plus Rate for extra work 
set out in Exhibit C, "Compensation and Payment", 

(c) By a third party, or 

(d) By Anaconda. 

7.3 Anaconda may at any time delete any portion of the Work, and 
Contractor shall remain obligated to perform all non-deleted portions of the 
Work pursuant to Exhibit C, "Compensation and Payment", subject to any 
equitable adjustment required for the recovery of reasonable overhead 
expenses incurred by Contractor. 

7.4 If such a change in the Work, or the performance of such extra 
work, or a deletion of a portion of the Work, causes an increase or 
decrease in the time required to complete the Work, the Approved Work 
Schedule shall be adjusted accordingly. 

ARTICLE VIII - TERMS OF PAYMENT 

8.1 Subject to Paragraph 8.2 of this Agreement, Anaconda shall pay 
Contractor for satisfactorily performing the Work in the following manner 
and subject to the following conditions: 

(a) On the first working day of each month Contractor shall 
submit (i) a statement to Anaconda detailing all the Work performed 
during the previous month, and specifying the amount of the progress 
payment sought; (ii) an affidavit of Contractor that all amounts due and 
payable for labor, supplies and equipment have been paid in full by 
Contractor, and that no liens which could become a charge against the 
Work have been claimed; and (iii) a completed Progress Payment Form; 

(b) Anaconda shall, within thirty (30) days after receipt of such 
submittal pay Contractor for work actually performed, less a holdback 
of ten percent (10%); 

(c) All statements shall be based on an accounting and coding 
system prescribed by Anaconda; 
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(d) Payment for any part of the Work does not constitute 
acceptance of the Work; 

(e) Anaconda shall pay Contractor seventy-five percent (75%) of 
the mobilization-demobilization charge on completion of Contractor's 
mobilization, and shall pay Contractor the remaining twenty-five 
percent (25%) of the mobilization-demobilization charge on completion and 
acceptance of the Work; 

(f) Title to all Work completed and Work in the course of 
construction, and title to all materials, equipment, and supplies on 
account of which payment has been made to Contractor, shall be in 
Anaconda. 

8.2 Anaconda may withhold payment to Contractor if: 

(a) Work is found defective and not remedied; 

(b) Contractor fails to comply with the Approved Work Schedule; 

(c) Contractor does not promptly pay all amounts due for labor, 
materials, or equipment; 

(d) Contractor does not make prompt and full payments to 
subcontractors; 

(e) Another contractor is damaged by an act for which Contractor 
is responsible; 

(f) Claims or Hens are filed on the Work; or, 

(g) In the opinion of Anaconda, the Work is not progressing 
satisfactorily. 

ARTICLE IX - INSURANCE AND INDEMNITY 

9.1 From the time of commencement of the Work until completion of the 
Work and clean up and evacuation of the Site, Contractor shall provide and 
maintain in effect the following types and amounts of insurance with 
insurance companies satisfactory to Anaconda: 

(a) Workers' Compensation insurance, including Occupational 
Disease, in accordance with the laws of the States where the Work is to 
be performed and Employers' Liability insurance in the limit of not less 
than $1,000,000 per person and $1,000,000 per accident. 

(b) Comprehensive General Liability Insurance, including 
contractual liability, insuring the indemnity agreement set forth in this 
Agreement and products-completed operations coverage with limits of not 
less than $500,000 applicable to bodily injury, sickness or death in any 
one occurrence; and $1,000,000 for loss of or damage to property in 
any one occurrence. 
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(c) Automobile Liability Insurance covering owned, unowned and 
hired vehicles used by Contractor with limits of not less than $250,000 
applicable to bodily injury, sickness or death of any one person and 
$500,000 for more than one person in any one occurrence; and 
$1,000,000 for loss of or damage to property in any one occurrence. 

9.2 Anaconda shall self-insure or provide insurance, to the extent it 
deems necessary, for the risk of physical loss or damage to machinery, 
apparatus, materials, temporary forms, temporary structures including 
contents thereof and supplies used in the Work. Contractor's owned or 
rented construction tools and equipment are excluded. Such coverage will 
apply While goods are in transit over land, sea or by air and while 
temporarily in warehouses, at fabrication yards or at the final jobsite 
during fabrication and installation and until the Work is completed and 
accepted by Anaconda. Anaconda agrees to indemnify and save harmless 
Contractor and its subtier contractors for loss or damage as above 
described. 

9.3 All policies shall be endorsed to provide that underwriters and 
insurance companies of Contractor shall not have any right of subrogation 
against Anaconda and all subsidiaries, agents, employees, invitees, 
servants, subcontractors, insurers, underwriters, and such other parties 
as Anaconda may designate. 

9.4 Within seven (7) days after the effective date of this Agreement, 
but in all events prior to Contractor entering the site; Contractor shall 
furnish Certificates of Insurance evidencing the insurance required 
hereunder. Each certificate shall provide that a minimum of ten (10) days 
prior written notice shall be given Anaconda in the event of cancellation or 
material change in the policies. All policies shall be endorsed to provide 
that there will be no recourse against Anaconda for payment of premium. 

9.5 Contractor shall require all subcontractors to obtain, maintain and 
keep in force similar insurance coverage during the time in which they are 
engaged in performing work under this Agreement. 

9.6 Contractor shall assume sole cost, risk, and expense for all 
equipment, supplies, materials, and tools belonging to or rented by 
Contractor, and Anaconda shall not be liable for loss or damage thereto. 
Any insurance policies carried by Contractor on said equipment, supplies, 
materials and tools shall provide for waiver of underwriter's right of 
subrogation against Anaconda. 

9.7 Contractor agrees to and does hereby indemnify Anaconda and 
save Anaconda harmless against and from: 

(a) Any and all claims and liabilities, including costs and 
expenses, for bodily injury to, or death of, persons (including claims 
and liabilities for care or loss of services in connection with any bodily 
injury or death); 



(b) Any and all claims and liabilities, including costs and 
expenses, for loss or destruction of or damage to any property 
belonging to Contractor, Anaconda or others that are not assumed by 
Anaconda hereunder; 

(c) Any fines, penalties, or other amounts assessed against 
Anaconda by reason of Contractor's failure to comply with all health, 
safety and environmental laws and regulations applicable to the Work 

resulting directly or indirectly from, or occuring in the course of, 
Contractor's performance of the Work. However, such indemnity shall not 
extend to claims and liabilities for (i) injury or death to persons or 
(ii) loss or damage to property to the extent that such claims and liabilities 
result from Anaconda's negligence or willful misconduct. 

9.8 The liability of Contractor under the provisions of Section 9.7 of 
this Agreement whereby Contractor agrees or undertakes to defend, 
indemnify, protect and hold harmless Anaconda shall not be limited to or by 
the insurance coverage required of Contractor under Section 9.1 of this 
Agreement. 

ARTICLE X - LIENS AND BONDS 

10.1 Contractor shall assume, pay and discharge any and all liabilities, 
claims or demands arising out of labor or material furnished in connection 
with the Work or in any way connected with performance of the Work, and 
shall maintain Anaconda's property free and clear of all liens, claims or 
encumbrances of any type or description whatsoever arising out of the 
failure by Contractor or any subtier contractor to make payments for such 
labor and materials When due. In the event Contractor disputes in good 
faith any lien, claim or encumbrance of any laborer, materialman or 
subcontractor, in lieu of the immediate payment thereof, Contractor shall 
post adequate security to protect Anaconda from liability for the payment 
thereof and from any expense of defending against that liability, until the 
dispute is finally determined. 

10.2 Contractor shall, within fourteen (14) days after the effective 
date of this Agreement, furnish to Anaconda, in a form satisfactory to 
Anaconda: 

(a) A performance bond in the amount equal to 100% of the bid 
price guaranteeing the performance of this Agreement and naming 
Anaconda as Obligee; 

(b) A labor and materials payment bond in the amount equal to 
100% of the bid price naming as Obligee: 

(i) Anaconda; 

(ii) Any persons furnishing materials or performing labor in 
connection with the performance of this Agreement, and 



(iij) All other persons as their interest may appear. 

ARTICLE XI - ACCEPTANCE OF THE WORK 

11.1 Contractor shall notify Anaconda when the Work has been 
completed, and within forty-five (45) days after receipt of such notice, 
Anaconda shall inspect the Work. If the Work conforms to the requirements 
of this Agreement, Anaconda shall accept the Work within a reasonable time 
after such inspection. 

11.2 (a) After Anaconda's acceptance of the Work and receipt of the 
information and documents from Contractor listed in Subsection (b) of 
this Section, Anaconda shall pay to Contractor: 

(i) The amount held back under Paragraph 8.1, 

(ii) The remaining twenty-five percent (25%) of the 
mobilization-demobilization charge, and 

(iii) Any other monies owing to Contractor. 

(b) Contractor shall give to Anaconda: 

(i) Sufficient information to enable Anaconda to establish 
adequate property records for determination of investment tax 
credit, corporate and tax depreciation, and possible future 
dismantling cost; 

(ii) Releases and waivers, in a form satisfactory to 
Anaconda, of all claims, liens and claims for liens of all 
mechanics, suppliers and materialmen; 

(iii) A release, in a form satisfactory to Anaconda, 
discharging Anaconda, its officers, agents and employees, from 
all liabilities, obligations, and claims arising out of this Agreement 
or out of the Work. Such release shall not be deemed to release 
or discharge Contractor from any of Contractor's obligations 
under this Agreement; 

(iv) An assignment, in a form satisfactory to Anaconda, of 
all Contractor's rights under warranties or guarantees of any 
vendors or suppliers of any materials or equipment, along with 
copies of such warranties and guarantees compiled in a single 
volume, grouped by trade, and properly indexed. 

ARTICLE XII - TERMINATION ON CONTRACTOR'S DEFAULT 

12.1 Anaconda may, without limitation or exclusion of any other 
remedy, terminate Contractor's right to perform the Work if, 

(a) Contractor shall fail to: 
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(i) Make such progress with the Work as reasonably to 
conform with the Approved Work Schedule, or 

(ii) Make prompt payment of amounts due for materials, 
labor or equipment, or 

(Hi) Provide sufficient skilled workmen, suitable materials or 
equipment, or adequate supervision, or 

(iv) Perform the Work because of strikes, slowdowns or 
other work stoppages, or 

(v) Promptly correct any defective work, or 

(vi) Perform any other material obligation required by this 
Agreement, or 

(b) Contractor at any time becomes insolvent or the subject pf 
proceedings under any law relating to bankruptcy or the relief of 
debtors, or 

(c) An assignment is made for the benefit of creditors of 
Contractor, or a proceeding is instituted for the appointment of a 
receiver of its assets. 

12.2 Termination of Contractor's right to perform the Work pursuant to 
Paragraph 12.1 shall not release Contractor from any of Contractor's 
obligations under this Agreement. 

12.3 If Contractor's right to perform the Work is terminated under 
Paragraph 12.1, Anaconda may take possession of the Work and all Of 
Contractor's equipment and materials necessary for the Work, and may 
complete the Work by whatever method it desires. 

12.4 Upon termination pursuant to Paragraph 12.1, Contractor shall 
not be entitled to receive any further payment from Anaconda until the 
Work is completed. If the difference between the contract price and the 
amount paid to Contractor at the time of such termination exceeds the direct 
and indirect costs of completing the Work, including compensation paid by 
Anaconda for additional professional services, Contractor shall be paid for 
all Work performed by Contractor prior to the date of termination, but only 
to the extent that such payment does not cause Anaconda's total cost of 
completion to exceed the contract price. If the costs to Anaconda of 
completing the Work exceed the difference between the contract price and 
the amount paid to Contractor at the time of termination, Contractor shall 
pay the difference to Anaconda. 

12.5 If Anaconda terminates Contractor's right to perform the Work 
asserting one of the grounds set out in Paragraph 12.1 of this Agreement, 
and such grounds are subsequently determined to be inapplicable, 
Anaconda's action shall then be deemed to be a termination pursuant to 
Article XIII of this Agreement. 
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ARTICLE XIII - TERMINATION FOR ANACONDA'S CONVENIENCE 

13.1 Anaconda may terminate this Agreement for its convenience on 
giving written notice to Contractor. Contractor shall stop all Work on the 
date specified in the notice, and Anaconda shall pay Contractor for (a) all 
Work satisfactorily performed to date of termination, and (to) all actual and 
reasonable costs incurred by Contractor as a consequence of such 
termination. Anaconda shall not be liable to pay any bonus, damage or 
other claim asserted by Contractor for its expected profit on the 
uncompleted portion of the Work. 

13.2 In the event of termination under this Article XIII, Anaconda may 
take possession of the Work and all of Contractor's equipment and materials 
necessary for the Work, and may complete the Work by whatever method it 
desires. Anaconda shall pay Contractor monthly for the rental of such 
equipment on the basis of the equipment rental charges in Exhibit C, 
"Compensation and Payment". 

ARTICLE XIV - GUARANTEES 

14.1 In addition to any specific guarantees required by this 
Agreement, Contractor hereby guarantees to perform the Work in a 
workmanlike manner, and guarantees all Work against defects in material or 
workmanship for a period of one (1) year from the date of acceptance of 
the Work and final payment by Anaconda, or such longer period as may be 
provided by law. 

14.2 All guarantees or warranties of equipment or materials furnished 
to Contractor or subcontractors by any manufacturer or supplier are for 
the benefit of Anaconda. If any manufacturer or supplier of any equipment 
or material furnishes a guarantee or warranty for a period in excess of one 
(1) year from the date of acceptance, Contractor's guarantee shall extend 
for a like period as to such equipment or material. 

14.3 Within a reasonable time after receipt of written notice, 
Contractor shall correct at its own expense, without cost to Anaconda, and 
without interruption to Anaconda's occupancy: 

(a) Any defects in material or workmanship which existed prior to 
or during the period of any guarantee provided in this Agreement, and 

(b) Any damage to other work or property caused by such 
defects or the repairing of such defects. 

14.4 The guarantees shall not be construed to modify or limit, in any 
way, any rights or actions which Anaconda may otherwise have against 
Contractor by law or statute, or in equity. 
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ARTICLE XV - DELAYS 

15.1 Anaconda shall pay Contractor in accordance with Exhibit C, 
"Compensation and Payment" for delays resulting from the following causes: 

(a) Incompleteness of, or lateness in arrival of items provided by 
Anaconda; 

(b) Loss of services provided by Anaconda due to breakdown of 
more than one-half hour in any eight (8) hour period. 

15.2 Periodic delays caused by routine surveying for control of the 
Work by Contractor or Anaconda, or delays of less than one-half hour in 
any eight (8) hour period, are not compensable delays under 
Paragraph 15.1. 

15.3 During delays Anaconda may direct Contractor's Superintendent to 
have Contractor's employees perform other work. 

15.4 Contractor's Superintendent shall notify Anaconda immediately of 
any delay. Anaconda shall record such time as the official start of the 
delay. 

ARTICLE XVI - INTELLECTUAL PROPERTY 

16.1 All original drawings, plans, schedules, specifications, 
calculations, rights to inventions, reports, designs and other work products 
prepared by or obtained by Contractor in the performance of the Work shall 
become the property of and be delivered to Anaconda within fifteen (15) 
days after completion of the Work. 

16.2 Contractor agrees not to disclose or use any proprietary 
information acquired by Contractor from Anaconda except for the purpose of 
performing work under this Agreement, unless such information is already 
in Contractor's possession or becomes available to Contractor through 
nonconfidential sources. These secrecy and use obligations of Contractor 
shall not apply to information or data which: 

(a) Were in Contractor's lawful possession prior to disclosure by 
Anaconda, or 

(b) Are in or hereafter enter the public domain through no fault 
or action on the part of Contractor, or 

(c) Are hereafter obtained by Contractor from a third party 
without violation by the third party of any secrecy obligation relating 
thereto, and without a requirement that Contractor hold the information 
or data in confidence. 
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16.3 Contractor shall indemnify, defend and hold Anaconda harmless 
from all liability for alleged or actual infringement of any patent, copyright, 
or trade secret resulting from the use of or furnishing of any apparatus, 
materials or processes by Contractor in the performance of the Work 
hereunder. 

ARTICLE XVII - MISCELLANEOUS 

17.1 Contractor may not assign this Agreement or any part of this 
Agreement without the written consent of Anaconda. 

17.2 All time limits stated in this Agreement and in the Approved Work 
Schedule are of the essence of this Agreement. 

17.3 No delay or failure on the part of Anaconda in exercising any 
rights under this Agreement, and no partial or single exercise of such 
rights, shall constitute a waiver of such rights or of any other rights 
under this Agreement. 

17.4 In performing the Work, Contractor is an independent contractor, 
and not an employee, representative or agent of Anaconda. 

17.5 (a) Except as provided in Subsection (b) of this Section, 
Anaconda has the right, at any reasonable time until two (2) years 
after acceptance of the Work, to examine and audit any of Contractor's 
books, documents, papers or records relating to this Agreement or the 
Work. 

(b) Anaconda does not have the right to audit the derivation of 
fixed rates or lump sum prices which have been fixed by agreement 
between the parties as shown in Exhibit C, "Compensation and 
Payment." 

(c) The exception in Subsection (b) of this Section shall not 
apply with respect to additional work performed at cost plus rates, or 
in the event this Agreement is terminated before completion Of the 
Work. 

17.6 Contractor represents that it is an equal opportunity employer 
and that it will comply with the requirements of all laws, regulations, and 
executive orders as set forth in this Agreement. Contractor agrees to 
execute Exhibit A separately. 

-13-



17.7 Neither party shall be in default under this Agreement to the 
extent that the performance of its obligations is delayed, hindered or 
prevented by a cause beyond the reasonable control of the party, including 
but not limited to declared or undeclared wars, blockades, hostilities, legal 
or illegal acts of government, epidemics, quarantines, riots, and rebellions. 
Strikes by employees of Contractor or a subcontractor are not excusable 
delays; however, strikes by employees of Anaconda are excusable delays. 
A party claiming Force Majeure shall promptly notify the other party of the 
nature and extent of any Force Majeure claimed, and of the steps, if any, 
such party is taking to overcome any consequent delay. 

17.8 Neither party shall be liable to the other for consequential 
damages arising, out of or in connection with this Agreement. 

17.9 Any notice given under this Agreement is sufficient if delivered 
in writing, directed as follows: 

TO ANACONDA: Tom Brown 
Project Representative 
Anaconda Copper Company 
555 17th Street 
Denver, Colorado 80217 

With copies to: 

Attention: 

Anaconda Copper Company 
555 Seventeenth Street 
Denver, Colorado 80217 
Manager of Project Engineering 

Attention: 

Anaconda Copper Company 
555 Seventeenth Street 
Denver, Colorado 80217 
C.E. Hause, Project Contract 

Administrator 

TO CONTRACTOR: W. F. Botwinis, President 
Nielsons, Inc. 
22419 County Road G 
Cortez, Colorado 

17.10 This Agreement constitutes the entire agreement and 
understanding between the parties. No covenants or representations not 
contained in this Agreement shall be binding upon the parties. This 
Agreement may be amended or modified only by a writing executed by both 
parties. 
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17.11 The invalidity or unenforceability of any provision of this 
Agreement shall not affect the validity or enforceability of any other 
provision. The parties will execute any further instruments or perform any 
acts which are necessary to effectuate the terms and provisions of this 
Agreement. 

DATED the day and year first above written. 

Nielsons, Inc. ANACONDA COPPER COMPANY, a 
Division of The Anaconda Company 

By By 

Its 
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EXHIBIT B - SPECIFICATIONS 

Contract No. COR I-8101 

1.0 Description of Work 

The Anaconda Copper Company intends to eliminate the mine hazards and 
perform the associated rehabilitation on the various claims commonly 
referred to as the Rico Mine. The project will consist of sealing off 
shafts, adits, prospects and fissured stopes; demolishing and disposing 
of mine structures; pickup of scattered debris; and the stabilization and 
securing of seven (7) locally significant structures. 

Except as specifically stated in the Contract and without in any way 
limiting Work definition in these Specifications, the Work will consist of 
the installation, performance and supply of all things necessary (except 
those specified as being supplied by Anaconda) for the completion of the 
following, as shown on the drawings listed in Exhibit F or described in 
these Specifications. 

2.0 General 

2.1 Landscape Preservation and Rehabilitation 

2.1.1 The Contractor shall exercise care to preserve the natural 
landscape and shall conduct his operations so as to prevent 
any unnecessary destruction, scarring, or defacing of the 
natural surrounding in the vicinity of the Work. Movement 
of crews and equipment over routes provided for access to 
the Work shall be performed in a manner to prevent 
unnecessary damage to the land or property. 

2.1.2 On completion of the Work, all access roads constructed by 
the Contractor shall be graded to provide proper drainage 
and prevent erosion. The surface of access roads shall be 
scarified, fertilized and seeded as directed by these 
Specifications and at the Contractor's expense. 

2.1.3 The Contractor shall disturb only that land which is 
absolutely necessary for construction purposes. Heavy 
equipment and grading activity is to be restricted to the 
immediate construction area (within a 50-foot radius of a 
numbered hazard excluding newly constructed access roads), 
except as authorized by the Project Representative. 

2.1.4 Every reasonable precaution must be exercised to prevent 
chemical or sediment pollution of streams occurring in the 
construction area. All stream crossings and construction in 
the vicinity of streams shall be done in a manner which will 
keep disturbance to a minimum and control erosion: 
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Stream crossings shall be made at the most advan
tageous angle to the stream bed to minimize 
environmental damage. Normally right angles to 
the stream beds are least damaging. 

Keep disturbance at drainage bottoms to a 
minimum. If stream bottoms must be disturbed, 
maintain drainage system slopes and elevations, 
and revegetate the disturbed area as soon as 
possible as directed by these Specifications and at 
Contractor's expense. 

2.1.5 The vegetation occurring in the area to be affected by 
hazard elimination work is typical of aspen and spruce fir 
forests interspersed with sub-alpine loam parks. Mainte
nance of a healthy diversified vegetation complex is critical 
to the preservation of Rico's scenic and environmental 
values. Clearing of vegetation shall be restricted to only 
that which is needed for construction purposes. This 
practice is to preserve the natural vegetation and decrease 
the erosion abatement effort and rehabilitation costs. 

Construction Site Rehabilitation 

This work shall consist of furnishing and spreading topsoil, fertilizer, 
seed, and mulch at numbered hazard sites directed by these Specifica
tions herein at the Contractor's expense. 

3.1 Topsoil Application 

Under the Scope of Work of this contract, the area to be topsoiled 
is Hazard Number 184. 

3.1.1 The total cost of topsoil application shall include loading 
and transportation from a borrow site designated by the 
Project Representative. 

3.1.2 Topsoil shall be applied after shaping and grading have 
been completed and the site tilled to a depth of approxi
mately six (6) inches,. Following the tilling, a 6-inch 
minimum layer of topsoil shall be applied. 

3.2 Seed Bed Preparation 

Hand or mechanical seed bed preparation shall be required before 
all applications of the seed. 

The area to be seeded shall have a firm seedbed (firm enough that 
a man walking on it will not leave a footprint deeper than \ inch) 
which has previously been roughened by scarifying, disking, 
harrowing, chiseling, or otherwise worked to a depth of four (4) 
inches. No implement shall be used that will create an excessive 
amount of downward movement of soil or clods on sloping areas. 

2.1.4.1 

2.1.4.2 
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Seedbeds may be prepared at time of completion of earth moving 
Work. 

3.3 Fertilizing 

Hand or mechanical application of fertilizer shall be required before 
all applications of the seed mixture. 

3.3.1 The rate of fertilizer application shall not be less than 
40 lbs. of nitrogen and 40 lbs. of phosphate per acre. The 
time of application shall be immediately prior to or during 
seeding. 

3.3.2 Commercial fertilizer shall consist of standard brand type. 
It shall be uniform in composition, dry and free flowing, 
and shall be delivered to the site in the original, unopened 
containers, each bearing the manufacture's guaranteed 
analysis. Fertilizer which becomes caked or otherwise 
damaged, making it unsuitable for use, will not be 
accepted. 

3.3.3 Fertilizer shall be applied uniformally and tilled into the top 
two (2) inches of the soil or washed into the soil by 
application of water. 

3.4 Native Seeding 

Seeding may be accomplished by means of approved broadcast-type 
seeders, hydraulic-type seeders, or mechanical power drawn drills 
followed by packer wheels or drag chains. Under the terms of this 
Contract areas to be seeded are Hazard Numbers 48, 54, 57, 65, 
72, 73, 92, 98, 99, 100, 160, 165, 168, 169, 172, 173, 47, 49, 51, 
52, 53, 68, 90, 94, 107, 113, 117, 129, 161, 163, 164, 174, 178 and 
184. 

3.4.1 Seed shall not be drilled or sown during windy weather or 
when the ground is frozen or untillable. 

3.4.2 Mechanical power-drawn drills shall have depth bands set to 
maintain a planting depth of at least one-quarter inch and 
shall be set to space the rows not more than 7 inches 
apart. Seed that is extremely small shall be sowed from a 
separate hopper adjusted to the proper rate of application. 

3.4.3 Seed sown by broadcast-type seeders shall be "raked in", 
"dragged with harrows or chaws", or otherwise covered 
with soil to a depth of at least one-quarter (V) inch. Hand 
method of broadcasting seed will be permitted only on small 
areas not accessible to machine methods. 
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3.4.4 Hydraulic seeding equipment shall include a pump capable of 
being operated at 100 gpm and at 100 pounds per square 
inch pressure, unless otherwise directed. The equipment 
shall have a nozzle adaptable to hydraulic seeding require
ments. Storage tanks shall have a means of estimating the 
volume used or remaining in the tank. 

3.4.5 Seeding of portions of the areas designated may be permit
ted before the construction is completed in order to taike 
advantage of growing conditions. 

3.4.6 The date of seeding shall be at the discretion of the Project 
Representative. Generally, seeding will be made immedi
ately prior to anticipated periods of precipitation or during 
late fall or early winter so that germination will occur in 
the spring. Seeding will not be done if the soil is frozen. 

3.4.7 All seed shall be furnished in bags or containers clearly 
labeled to show the name and address of the supplier, the 
seed name, the lot number, net weight, the percent of weed 
seed content and guaranteed percentage of purity and 
germination. All brands furnished shall be free from 
noxious seeds. Seed which has become wet, moldy, or 
otherwise damaged in transit or storage shall not be 
acceptable. 

3.4.8 Computations for quantity of seed required are based on 
the percent of purity and percent of germination. Seed 
shall be of a quality which has a minimum purelive seed 
content of 80% (% purity x % germination) and weed seed 
shall not exceed 0.5% of the aggregate of pure live seed 
and other material. 

If seed available on the market does not meet the minimum 
purity and germination percentages specified, the Contrac
tor must compensate for a lesser percentage of purity or 
germination by furnishing sufficient additional seed to equal 
the specified product. Product comparison shall be made on 
the basis of pure live seed in pounds. The formula used 
for determining the quantity of pure live seed (PLS) shall 
be: 

Pounds of seed x (purity x germination) = pounds of pure 
live seed (PLS). 

3.4.9 Plantings shall be made with seed harvested from: 

3.4.9.1 Native stands in Colorado or adjacent states or 
provinces within a geographic range 300 miles 
north, 200 miles south and 300 miles east or west 
of the construction site. 
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3.4.9.2 Seed harvested from stands known to have been 
established from seeds qualifying under para
graph 3.4.9.1 above. 

3.4.9.3 Seed of improved varieties listed below. 

Required Application Rate 
Species (PLS) Ibs/ac 

Drill Broadcast 

Mountain Broom 4 8 
(Bromus marginatus) 

Orchard Grass 2 4 
(Dactyl is «g lomerata ) 

Timothy 4 8 
(Phleum pratense) 

Thirber Fescue 3 6 
(Festuca thurberi) 

Kentucky Bluegrass 1 2 
(Poa pratensis) 

Yellow Sweet-clover 1 2 
(Melilotus officinalis) 

3.5 Mulch Application 

Mulching seeded areas may be accomplished by the crimping method, 
using straw or hay by the hydraulic method, using wood cellulose 
fiber mulch or by another acceptable mulching method. 

3.5.1 Material for straw mulching shall consist of straw of oats, 
barley, wheat or rye and shall not contain seed of noxious 
weeds. Hay mulch shall consist of clean field or march hay 
and shall not contain seed of noxious weeds. 

Straw or hay in such an advanced stage of decomposition as 
to smother or retard the normal growth of grass shall not 
be acceptable. Old drystraw which breaks in the crimping 
process in lieu of bending will not be acceptable. 

3.5.2 After seeding has been completed, a rate of one and one-
- half (1-1*) tons of hay or straw per acre, or as directed 

by the Project Representative, shall be applied uniformly, 
crimped- in with a crimper or other approved equipment, 
hand-crimping operations shall be permitted in such areas 
were excessive slopes or confinement will cause unsatis
factory crimping to result from mechanical methods. The 
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seeded areas shall be mulched and crimped within 24 hours 
after seeding. Areas not mulched and crimped within 
24 hours after seeding must be reseeded with the specified 
seed mix at the Contractor's expense prior to mulching and 
crimping. 

3.5.3 Wood cellulose fiber for hydraulic mulching shall not contain 
any substance or factor which might inhibit germination or 
growth of grass seed. It shall be dyed an appropriate 
color to allow visual metering of its application. The wood 
cellulose fibers shall have the property of becoming evenly 
dispersed and suspended when agitated in water. When 
sprayed uniformly on the surface of the soil, the fibers 
shall form a blotter-like ground cover which readily absorbs 
water, and allows infiltration to the underlying soil. Weight 
specification from suppliers, and for all applications shall 
refer only to air dry weight of the fiber, a standard equi
valent to ten (10) percent moisture. The mulch material 
shall be supplied in packages having a gross weight not in 
excess of 100 pounds, and shall be marked by the manufac
turer to show the air dry weight content. Suppliers shall 
certify that laboratory and field testing of their product 
has been accomplished, and meets all of the foregoing 
requirements pertaining to wood cellulous fiber mulch. 
Cellulose fiber mulch shall be added after the proportionate 
quantities of water and other approved materials have been 
place in the slurry tank. All ingredients shall be mixed to 
form a homogeneous slurry. Using the color of the mulch 
as a metering agent, the operator shall spray-apply the 
slurry mixture uniformly over the designated seeded area. 
Wood cellulose fiber mulch shall be applied at a rate which 
will provide equivalent surface protection as specified 
straw/hay mulch rates. Hydraulic mulching shall not be 
done in the presence of free surface water resulting from 
rain melting snow or other causes. 

4.0 Demolition and Cleanup 

4.1 This Work shall consist of the removal and satisfactory disposal of 
all buildings and foundations, mine structures, abandoned pipeline 
and track, and miscellaneous timber, metal and concrete structures 
within a 150-foot radius of Hazard Numbers 11, 14, 21, 22, 27, 41, 
42, 43, 45, 46, 48, 54, 57, 60, 61, 62, 67, 69, 72, 73, 89, 91, 92, 
98, 99, 100, 101, 102, 103, 104, 105, 106, 108, 110, 111, 112, 115, 
119, 120, 121, 122, 124, 125, 165, 167, 168, 169, 170, 171, 172, 
177, 181, 182, 183, 184, 185, 186, 187, and 188. 

It shall also include the salvage of designated materials (see 
paragraph 4.1.5) and the backfilling and grading of holes and pits 
(to blend with the existing surrounding terrain) resulting from 
demolition and cleanup activities. 
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Contractor shall rehabilitate the disturbed work areas of hazards 
identified in paragraph 3.4 as directed1 by paragraph 3.0 of these 
Specifications. 

4.1.1 Unless otherwise directed by the Project Representative, all 
pipe, rail, miscellaneous mining equipment, and designated 
salvage items shall be carefully removed, and every pre
caution taken to avoid breakage or damage. 

4.1.2 All pipe, rail, miscellaneous mining equipment and design
ated salvage items shall be transported to Treasure Island 
and carefully stockpiled. A specific area for stockpiling 
shall be designated by the Project Representative. 

4.1.3. Contractor shall assume title to all wood (not suitable for 
use in stabilizing designated locally significant structures) 
and concrete debris, (resulting from demolition work) for 
removal and disposal. 

4.1.3.1 Contractor may, at his option, dispose of these 
materials down existing shafts located at Hazard 
Numbers 123 and 166. 

4.1.3.2. Contractor may, at his option, burn all flammable 
debris at a site designated specifically for such 
purposes by the Project Representative. Contrac
tor shall obtain all permits, licenses, and any 
other authorization necessary from established 
governmental agencies prior to burning any 
material in the project area. No unattended 
burning shall be permitted. 

4.1.3.3. Contractor may, at his option, dispose of scrap 
metals and debris remaining from burning opera
tions down the existing shafts located at Hazard 
Numbers 123 and 166. 

4.1.3.4 All other materials shall be disposed off site at 
the Contractor's expense. Contractor shall 
provide details of location, permits, etc., for all 
materials to be disposed of off site. 

4.1.4 There will be no materials brought from offsite and disposed 
of in any way on Anaconda lands. 

4.1.5 The "salvage" items and their location listed below shall 
remain the property of Anaconda and will be handled as 
specified in paragraphs 4.1.1 and 4.1.2. 
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Hazard No. "Salvage" Item Description 

46 Wheels, Gears and Associated Equipment 

48 Any Tram Cable along Aerial Tram Path 

99 Tram Wire/Cable 

131 Hypolon Mats 300' x 600' 

170 Planer and Associated Equipment 

183 Down Tram Guide Cable along Aerial Tram 
Path 

1 through 188 Miscellaneous/Unattached Timber 8x8 
Cross-Section or larger, and at least 
four (4) feet long 

4.1.6 The "Save " Items and their location listed below shall be 
left intact. Contractor shall exercise every possible care to 
avoid damage during his operations and shall provide such 
protection as the Project Representative may require. Alii 
damage to structures to remain in place shall be repaired 
by Contractor at his expense. 

Hazard No. "Save" Item Description 

9 3 Barrels of Cricilic Acid 

13 Ore Dump 

22 Oil Storage Tank located at entrance of 
Silver Creek Mill 

59 Ore Dump 

68 Ore Dump 

93 Trestle, Track, Pipe Crossing 

95 Track, Timber Portal, Bedding 
Pipe Entering Portal 

116 Track and Rock Retaining Wall 

120 2 Power Poles 

121 Ore Dump 

123 Ore Dump 
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Hazard No. "Salvage" Item Description 

160 Foundation and Concrete Retaining Wall 

169 Rock Foundation 

174 City Water Pump House and Water Pipe 
above Portal 

184 Four Railroad Cars and Railroad Switch 

186 Lower Portion of Structure 

5.0 Mandatory Closure Techniques 

5.1 Hazard Numbers 66, 96, 161 and 179 shall be sealed with a block 
wall and steel door per Drawing No. PR-N-106 or Drawing 
No. PR-N-109, whichever is applicable. 

Hazard Numbers 95, 116 and 163 shall be secured with a full venti
lation gate. 

5.1.1 Contractor shall remove and dispose of all associated 
buildings, foundations, mine structures, and abandoned 
pipeline and track and miscellanous wood and metal debris 
within a 150-foot radius of the numbered hazard. 

5.1.2 All demolition and cleanup activities associated with the 
numbered hazards shall conform to paragraphs 4.1.1, 4.1.2, 
4.1.3, 4.1.4, and 4.1.6 of these Specifications. 

5.1.3 The existing full: ventilation gate located at Hazard number 
95 shall be modified by adding #6 reinforcing bar in quan
tities necessary to effectively limit a clear unobstructed 
access (excluding the wire fabric) to a maximum of one 
square foot. 

5.1.4 Construct a full ventilation gate at Hazard numbers 116 and 
163. The gate shall be patterned after the existing modi
fied gates at Hazard number 95. 

5.1.5 Secure any loose timber planking on the tressie between 
Hazard numbers 93 and 95. 

6.0 Optional Closure Techniques 

6.1 Hazard Numbers 13, 37, 39, 47, 49, 51, 52, 53, 56, 59, 63, 64, 68, 
90, 94, 97, 107, 113, 114, 117, 118, 123, 129, 164, 174, and 178 
consist of various shafts, adits, tunnels, stopes and prospects that 
present hazards to the general public. The Work shall consist of 
furnishing all labor, equipment and materials and performing selec
tive closures as directed by these Specifications. 
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6.1.1 Contractor, at his option, shall close these hazards with: 

6.1.1.1 A concrete cap per drawing No. PR-N-113. 

6.1.1.2 Doze material to seal hazard; 

6.1.1.3 Haul natural material or demolition/cleanup debris, 
dump, and doze to seal hazard. 

6.1.1.4 Other closure techniques as authorized by the 
Project Representative. 

6.1.2 If Contractor elects to seal the hazards using natural 
materials method, the following criteria shall apply. 

6.1.2.1 All shafts prospects and stopes shall be filled. 

6.1.2.2 Entrances to adits, portals, and inclines shall be 
closed with at least twenty (20) feet of natural 
material extending from the ground surface into 
the cavity. 

6.1.2.3 Entrances to shafts and prospects shall be filled 
and compacted to minimize potential subsidence. 

6.1.2.4 Fill shall be mounded over shaft and prospect 
entrances to divert drainage around closed 
openings. 

6.1.2.5 Upon completion of regrading, the site shall not 
show evidence of former mining activities. 

6.1.2.6 Proposed borrow sites for fill other than those 
designated by the Project Representative shall be 
approved by Anaconda. 

6.1.3 Contractor shall remove and dispose of all associated 
buildings, foundations, mine structures, and abandoned 
pipe line and track within a 150-foot radius of the 
numbered hazard. 

6.1.4; All demolition and cleanup activities associated with the 
numbered hazards s-hail conform to paragraphs 4.1.1, 4.1.2, 
4.1.3, 4.1.4, and 4.1.6 of these Specifications. 

7.0 Special Hazard Elimination Techniques 

7.1 Hazard Number 20 Roy's Tract Mill Site. 

This Work shall consist of the furnishing of all labor, equipment 
and materials, seed bed preparation and the placing of fertilizer, 
seed, and mulch. 
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7.1.1 The area of seedbed preparation, fertilizing, seeding and 
mulching is bounded on the north by the Love/Lepker 
property line (to be determined by the Contractor at his 
expense), on the east by river road, on the south by the 
undisturbed portion of the existing slope and on the west 
by a line ten (10) feet beyond the toe of the existing 
slope. 

7.1.2 Seedbed preparation, fertilizing, seeding and mulching shall 
conform with the Specifications presented in paragraph 3.0. 

7.2 Hazard Number 23 Railroad Water Tower 

The water tower has become an established landmark in the Rico 
area. The water tower has deteriorated over the years to the point 
of being unsafe. It is the intent of the specification to eliminate 
potential hazard through the construction of a perimeter fence and 
yet maintain its visual accessibility. 

7.2.1 Contractor shall secure the perimeter of the water tank with 
a fence per Drawing No. PR-N-111. 

7.2.2 Contractor shall pickup and dispose of all miscellaneous 
wood and metal debris within a 150-foot radius of the water 
tower in conformance to paragraph 4.1.3 of these 
Specifications. 

7.3 Hazard Number 28 Atlantic Cable Shaft 

The Atlantic Cable Shaft has become an established landmark in the 
Rico area. The headframe and associated ore bin have deteriorated 
over the years to the point of being unsafe. It is the intent of 
this specification to guide necessary repairs to the upper portion of 
the covered ore bin, rendering the structure safe and yet main
taining its historic Significance. 

7.3.1 Replace or stabilize interior studding or framing, as 
required to insure the proper securing of panels. 

7.3.2 Secure detached rafters or if found unsound replace with 
sound lumber salvaged during demolition activities at other 
numbered hazards. 

7.3.3 Remove deteriorated corrugated metal panels and replace 
with sound/clean panels salvaged during demolition activities 

- at other numbered hazards. 

7.3.4 The salvaged corrugated metal panel shall be secured to the 
existing framing using a method structurally equivilent to 
the original paneling technique. 
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7.3.5 The Contractor shall pick up and dispose of all miscellan
eous wood and metal debris within a 150 foot radius of the 
cable shaft in conformance with applciable sections of 4.0 of 
these specifications. 

7.4 Hazard No. 26 Santa Cruz Incline 

This Work shall consist of the furnishing of all engineering, design, 
labor, equipment and materials and the installation of an approxi
mately eight (8)-foot diameter galvanized corrugated metal 
pipe (CMP) from a point within the incline to a point beyond the 
existing portal structure. A poured concrete, steel plate, or 
concrete block head wall with steel door shall be added to the 
outside CMP end (to control access) and a poured concrete or 
concrete block, wing-type head wall shall be added to the inside 
CMP end (to funnel mine drainage into the pipe). 

7.4.1 Contractor shall install and operate (Anaconda shall provide 
access to electrical power if requested by Contractor) a 
water pump adequate to lower the existing water level a 
depth and length of time adequate to accomplish construc
tion Work. 

7.4.2 Contractor shall take responsibility and exercise all 
necessary precautions to insure that the presently 
supported fractured rock brow above the protal remains 
stable and intact. 

7.4.3 Contractor shall design, engineer and install the drainage 
and access control structure to meet professionally accepted 
engineering, materials, and construction standards for 
concrete, masonry, CMP installation, steel fabrication and 
welding work or additional engineering construction techno
logies identified in shop drawings and construction plans. 

7.4.4 The sizing of the CMP including length, diameter, gauge 
and designed bends shall be based upon a thorough analy
sis of the existing field conditions, the application of locally 
accepted engineering and materials standards and the 
following criteria outlined below: 

7.4.4.1 The CMP gauge, blanket height and material, and 
strutting design shall be integrated to produce a 
CMP design that will facilitate future access for 
maintenance, permit the flow of mine drainage at 
quantities ranging from 25-60 gpm, structurally 
withstand the shock of a controlled or natural 
drop of the fractured rock bluff, and support the 
load of a finished cover grade. 
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7.4.4.2 The exact length of the CMP shall be field deter
mined by Contractor with the objective of pre
venting potential damage to the headwall struc
tures as a result of controlled or natural import 
of cover material. 

7.4.4.3 Contractor shall design, position and slope the 
CMP to permit the existing flow of mine drainage 
to resume its natural course gradient and depth 
after construction is completed. 

7.4.5 Contractor shall design, fabricate, and install the steel door 
to similar standards and Specifications presented in Drawing 
No. PR-N-109. 

7.4.6 In addition to engineering, design and construction 
responsibilities, Contractor shall perform his own site 
investigation, verify all field conditions, and determine all 
actual field dimensions and relative elevations. Contractor 
shall also provide all field engineering and insure that a 
complete and useable facility Is constructed. 

7.4.7 Contractor shall present to Anaconda adequate detail infor
mation concerning the design, engineering and construction/ 
installation of the drainage and access control structure to 
permit a detailed evaluation of proposed engineering, design 
construction technique and schedule. Required information 
shall include, but not be limited to: 

Plan and/or sections showing the layout and 
critical dimensions of the drainage and access 
control structure, final mine drainage flow and 
gradient and final cover grade. 

Details of the headwall structures showing 
materials quantities, dimensions, reinforcing, steel 
door fabrication and insulation, and CMP connec
tion proposals. 

Shop drawings of CMP identifying diameter, 
gauge, length and strutting/blanketing plan. 

7.4.8 The Contractor shall pick up and dispose of all miscella
neous wood and metal debris within a 150-foot radius of the 
numbered Hazard in conformance with applicable sections of 
Paragraph 4.0 of these specifications. 

7.4.7.1 

7.4.7.2 

7.4.7.3 
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7.5 Hazard Number 40 Union Carbonate Mine Ore Bin and Aerial Tram 

The ore bin and aerial tram has become an established landmark in 
the Rico area. The structure has deteriorated over the years to 
the point of being unsafe. It is the intent of the specification to 
eliminate potential hazard through the construction of a perimeter 
fence and yet maintain its visual accessibility. 

7.5.1 Contractor shall secure the perimeter of the ore bin and 
aerial tram with a fence per Drawing No. PR-N-111 with the 
exception of placing the down hill side of the fence 
adequate distance from the structure to maintain a minimum 
vertical distance of five (5) feet measured from the tram 
line to the top of the third barbwire strand. 

7.5.2 Contractor shall pickup and dispose of all miscellaneous 
wood and metal debris within a 150-foot radius of the water 
tower in conformance to paragraph 4.0 of these 
Specifications. 

7.6 Hazard Number 58 Powder House 

The Powder House has become an established landmark in the Rico 
Area. The Powder House has deteriorated over the years to the 
point of being unsafe. It is the intent of the specification to 
eliminate potential hazard through making repairs to the structure 
and installing a heavy duty padlock on the door rendering the 
structure safe and yet maintaining its historic significance. 

7.6.1 Replace or stabilize interior studding or framing as required 
to provide a stable base for securing exterior boards or 
metal siding. 

7.6.2 Expose the east and west side of the Powder House and 
cover with salvaged metal siding. 

7.6.3 Remove all protruding nails, spikes, bolts, screws, etc., 
where such items can snag persons walking by. 

7.6.4 Contractor shall pick up and dispose of all miscellaneous 
wood and metal debris within a 150 foot radius of the 
Powder House in conformance with applicable sections of 
Paragraph 4.0 of these specifications. 

7.7 Hazard No. 71 Union Carbonate Tram Base and Ore Bin. 

The tram base and ore bin has become an established landmark in 
the Rico area. The structure has deteriorated over the years to 
the point of being unsafe. It is the intent of the specification to 
eliminate potential hazard through the repair and securing of the 
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lower ore bin and the reconstruction of the upper tram tower, 
rendering the structure safe and yet maintaining its historic 
significance. 

7.7.1 Reattach or repiace-detached timber bracing associated with 
the lower ore bin, using slavaged timber or equivalent new 
treated timber. 

7.7.2 Remove all protruding nails, spikes, bolts, screws, etc. 
where such items can snag persons walking by. 

7.7.3 Secure all ore bin openings with lumber or screen bolt in 
place with galvanized nuts, bolts and washers, burr the 
threads after installation so as to prevent removal. 

7.7.4 Replace or stabilize upper level interior studding or framing 
and rafters as required to insure the successful securing of 
exterior panels. 

7.7.5 Bolt salvaged corrugated metal panels to reconstructed 
framing. 

7.7.6. Reconstruct shed type roof using salvaged lumber and 
corrugated metal panels. 

7.7.7 Contractor shall pick up and dispose of all miscellaneous 
wood and metal debris within a 150 foot radius of the Tram 
Tower in conformance with applicable sections of Paragraph 
4.0 of these specifications. 

7.8 Hazard No. 166 Van Winkel Shaft/Headframe and Hoist House 

The Headframe and Hoist House have become an established landmark 
in the Rico area. The structure has deteriorated over the years to 
the point of being unsafe. It is the intent of the specification to 
eliminate potential hazard through the construction of a concrete 
cap over the shaft opening, the repair and bracing of the Head-
frame and the perimeter fencing of the Headframe and Hoist House 
structures. 

7.8.1 Remove deteriorated section of the northeast headframe leg 
and replace with sound timber of equivilent dimension, 
type, and strength. The replacement timber shall be 
treated with a preservative. 

7.8.2 The top of the new timber section shall be attached to the 
remaining existing section by bolting with 5/8" diameter 
galvinized: bolts through 1/4" steel bracing plates to stop 
lateral as well as vertical movements between members. A 
minimum two (2)-foot overlap between the top of the new 
timber section and the remaining existing timber leg section 
is required. 
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7.8.3 The bottom of the new timber section shall be set a minimum 
of three (3) feet into the ground. The lower six (6) 
inches of the excavated (minimum two (2)-foot diameter) 
hole shall be filled with gravel or sand. The lower end of 
the new timber leg section shall be placed three (3) inches 
into the gravel or sand layer. The remainder of the hole 
shall be filled with concrete and sloped away from the 
timber leg at the finish grade. 

7.8.4 The fence per drawing No. PR-N-111 shall be erected 
around the perimeter of the Van Winkel Shaft House, the 
Headframe and Hoist House. 

7.8.5 Any pipe or air venting shall be cut at a level just below 
the proposed concrete cap. Contractor shall determine the 
dimensions of the shaft. Shaft here shall mean all access 
openings to the mine including haulage ways and hoist 
ways. 

7.8.6 Contractor shall construct a new concrete shaft cover per 
Drawing No. PR-N-113 to be placed over the man and vent 
holes located below the existing duct at a level to be 
field-determined by the Contractor. 

7.8.7 Contractor shall pick up and dispose of all miscellaneous 
wood and metal debris within a 150 foot radius of the 
Numbered Hazard in conformance with applicable sections of 
Paragraph 4.0 of the specifications. 

7.9 Hazard No. 9 Benefication Plant. 

The Benefication Plant shall be used for storage of materials and 
equipment to support the existing exploration drilling program. 
The roof of the structure has deteriorated over the years to the 
point of threatening the long range integrity of the building. It is 
the intent of the specifications to insure the structural integrity of 
the building through the repair of the existing roof system. 

7.9.1 Remove deteriorated metal roof sections and replace with 
sound corrugated metal roof panels salvaged during demoli
tion activities. 

7.9.2 Secure sound but detached roof panels. 

7.9.3 Secure existing Ore Chute with timber or metal screen to 
prevent injury. 

7.10 Hazard No. 65 Log Storage Shed. 

The Log Storage Shed has become an established landmark in the 
Rico area. The structure has deteriorated over time to the point of 
being unsafe. It is the intent of these specifications to eliminate 
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potential hazard by removing existing door and window coverings 
and replace any deteriorated metal roof panels. 

7.11 Hazard No. 160 Rico Argentine Storage Building. 

The Storage Building shall be used for loading and unloading 
operating materials and supplies. The structure has deteriorated 
over the years to the point of presenting a safety hazard. These 
specifications intend to eliminate the safety hazard by rendering the 
site suitable for the intended use. 

Demolish the existing walls and roof of the structure 
leaving the concrete retaining wall at the rear of the 
building. 

Leave the existing foundation and floor slab intact except 
for a section of the foundation needing repair. 

Reconstruct the southwest corner of the foundation using 
locally accepted concreting procedures. Back-fill the inside 
portion of the newly constructed foundation segment with 
gravel obtained from the Van Winkle dump. 

Grade, level and apply a four (4)-inch course of gravel 
(obtained from the Van Winkle dump) along the western, 
southern and eastern edge of the site abuting the proposed 
loading dock structures. 

7.12 Hazard No. 173 Planer Building and Shed 

The Planer Building shall be used for Anaconda storage. The 
structure has deteriorated over the years to the point of precluding 
its effective utilization and presenting a safety hazard. The 
specifications intend to improve its structural usefulness through 
the repair of the existing wall and access system and eliminate 
safety hazards through the demolition and clean-up of adjcent 
structures. 

7.12.1 Dismantle the saw, place all the metal parts inside the 
planer building and dispose of the remaining wood structure 
inconformance to Paragraph 4.0 of these specifications. 

7.12.2 Cover the wood access Opening on the north wall of the 
building with salvaged metal siding making required interior 
structural additions necessary for attaching the skin. 

7.12.3 Reattach fallen door on the west side of the building. The 
door can be secured without the need for reopening. 

7.12.4 The windows on the west side of the building shall be 
secured with lumber obtained during demolition activities. 

7.11.1 

7.11.2 

7.11.3 

7.11.4 
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7.12.5 The two large double doors on the south side of the 
building shall be repaired and hung in a manner that will 
permit frequent use and ease of operation. 

7.12.6 The small single door located on the south side of the 
buildng shall be permanently secured. 

7.12.7 The roof shall be checked for loose or deteriorated panels 
and resecured or replaced as required. 

7.12.8 The small shed located southeast of the Planer Building 
shall be demolished and removed in conformance with 
Paragraph 4.0 of these specifications. 

7.12.9 A LI miscellaneous wood and metal associated with the hazard 
shall be picked up and disposed of in conformance with 
Paragraph 4.0 of these specifications. 

8.0 Securing Access with Perimeter Fencing 

8.1 This Work shall consist of the furnishing of all labor, equipment 
and materials and the construction of perimeter fences per Drawing 
No. PR-N-111 around hazard. 

8.1.1 Hazard Numbers 36, 38, 50, and 55 shall be secured with a 
perimeter fence per Drawing No. PR-N-111. 

8.1.2 Hazard Number 70 shall be secured with a perimeter fence 
per Drawing No. PR-N-111 and Gate Detail, and will be 
posted (from the inside of the fence) on all four (4) sides 
with a standard 7" X 10" 20-gauge steel A.N.S.I, approved 
accident prevention sign stating: 

"Keep Away 
Danger 

High Voltage" 

9.0 Hazard Identification Sign 

This Work shall consist of the furnishing of all labor, equipment and 
materials and the posting of Anaconda Hazard Identification signs on 
perimeter fences, (one per side) steel doors and several strategically 
located entrances to Anaconda controlled property. 

9.1. Hazard No. 36, 38, 40, 50, 55, 23 and 166 will be posted with 
Anaconda Hazard Caution signs governed by the following Specifica
tions : 

9.1.1 The sign shall be 24-inCh by 24-inch in overall size. 

9.1.2 The design shall be a diamond shape panel with reflective 
yellow background and black lettering. 
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9.1.3 The words "CAUTION" and "NO TRESPASSING" at a 
minimum 2-inch size and "Potentially Hazardous Area in 
smaller black letters will be centered on the panel. Near 
the bottom of the panel centered in smaller black letters: 

"Anaconda Copper Company 
555 17th Street 
Denver, Colorado" 

9.1.4 The sign shall be 20-gauge copper bearing, rust resistant 
steel with reflective baked enamel finish. Signs shall be 
punched with 3/8-inch diameter holes at each corner and in 
the center of the panel for mounting purposes, prior to 
applying the finish. (For signs to be mounted on posts, 
two (2) additional 3/8-inch diameter holes shall be punched 
above and below the centered hole.) 

9.1.5 Sign corners are to be machine clipped to form a neat 
rounded corner before applying finish. 

9.2 Hazard signs posted at Hazards No. 66, 95, 96, 116, 161, 163 and 
179 shall conform to the Design Specifications presented in 
paragraph 9.1.1 through 9.1.5 above and shall be affixed to the 
exterior face of each door using five (5) 3/8-inch plated machine 
bolts, nuts and washers. 

9.3 Nine (9) hazard caution signs shall be placed at several strategic 
locations on Anaconda property near the intersections of major local 
roads and Anaconda access roads. 

9.3.1 The final location of the signs will be provided by 
the Project Representative. 

9.3.2 The design of the signs will be governed by the 
Specifications presented in paragraph 9.1.1 through 9.1.5 
above. 

9.3.3 Signs posted along access routes to hazard areas shall 
be mounted on a post fabricated from American Standard 
Beam S5 x 10. The post shall be 9-foot 0-inches long, 
embedded in a 3-foot 0-inch deep concrete foundation and 
shall be painted with one (1) shop coat of red lead. The 
sign shall be affixed to the post with five (5) 3/8-inch 
diameter x TVinch long plated machine bolts, nuts and 
washers. The threads shall be burred after installation to 
prevent removal. 
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HAZARD NO. 21 

TRAM TOWER 

AND ORE BIN 
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Division of Ths ANACONDA Compsny 
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SANTA CRUZ INCLINE 

11/7/80 

ANACONDA Copper Compiny 

Division of Tht ANACONDA Company 
Donvor, Colorado 
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ANACONDA Soppir Cosmpagiy 

Division of Ths ANACONDA Company 
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HAZARD NO. 50 

YSABEL LODE PROSPECT 

9/25/80 

ANACONDA Coppir Compiny 

Division of Th® ANACONDA Company 
Denver, Colorado 



9/25/80 

.nvunim Copper Company 
Division of The ANACONDA Company 

Denver. Colorado 



HAZARD NO. 56 

NORA LILY MINE SITE 

9/25/80 

ANACONDA Copper Company 
Division of Tho ANACONDA Company 

Danvar, Colorado 



HAZARD NO. 57 

PRO-PATRIA TRAM TERMINAL 

AND ORE BIN 

ANACONDA Copper Company 
Division ef Th® ANACONDA Company 

Donver, Colorado 
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ANACONDA Copper Compioiy 

Division of Tht ANACONDA Company 
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STORAGE SHEDS 

i 

ANACONDA Copper tompamy 

Division of The ANACONDA Company 
Denver, Colorado 



HAZARD NO. 62 

PHOENIX LODE STORAGE SHED 

AND POWDER HOUSE 

ANACONDA Copper Company 

Division of The ANACONDA Company 
Denver, Colorado 
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HAZARD NO. 63 

EUREKA LODE ADIT 

10/13/80 

Division of Tht ANACONDA Company 
Denvor, Colorado 
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WITH DRAINAGE 
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HAZARD NO. 121 

SMUGGLER ADIT 

WITH DRAINAGE 

11/7/80 

ANACONDA Copper Company 

Division of The ANACONDA Company 
Denver, Colorado 



YANKEE BOY SHAFT 
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ANACONDA Coppiir Company 
Division of Th» ANACONDA Company 

Donvor, Colorado 





ANACONDA Copper Company 
Division of The ANACONDA Company 

Denver, Colorado 



McPhee and Narraguinnep Mercury TMDL Technical Support 

A-0003 

REVISED DRAFT 

with the tellurides of gold, silver, and mercury. Placer deposits of gold were present in some 
parts of the La Plata district and are of particular interest, as the mercury amalgamation process 
may have been used in the 1930s or earlier to obtain gold from the placer deposits along the 
creeks. Hobbyists have also used mercury to obtain gold from placer deposits. 

Rico Mining District 

The Rico mining district is on the Upper Dolores River and tributaries above the town of Rico 
near the confluence of Silver Creek and the Dolores River, about 30 miles upstream of McPhee 
Reservoir, as shown in Figure 3-1. See also the detailed inset in Figure 3-8 below. The primary 
ore of the Rico district was sulfide replacement deposits and contact metamorphic zones in the 
Hermosa Formation (McKnight, 1974), and some of these sulfide minerals contain mercury. 

The Rico area has an extended mining history of which a detailed account can be found in URS 
(1994). Early mining activity in the Rico area began in the 1860s when several claims were 
staked in the Pioneer District at the confluence of Silver Creek with the Dolores River. Extensive 
mining took place in the 1870s for silver, lead, zinc, gold, and copper (McKnight, 1974). The 
mines were especially concentrated in the area between Deadwood Creek, Horse Creek, and 
Silver Creek. The latter two waterbodies were found to have mine tailings in their creek beds 
(E&E, 1991). 

Silver production reached a peak in 1893. In 1902, all of the important mines in the district were 
consolidated under the United Rico Mine Company which primarily produced base metal ores. 
The Rico-Argentine Mining Company, was formed in 1915 to produce base metal ores. A 
custom mill was built in 1926 by the International Smelting Company, a subsidiary of Anaconda 
Mining Company. Base metal ore production peaked in 1927, but by 1928 the mill had shut 
down, and by 1932 all mining activity in the area had ceased. 

The Rico-Argentine Mining Company resumed sporadic mining activities in 1934 and resumed 
steady production in 1939. A sulfuric acid plant located north of the settling ponds along the 
Dolores River was operated between 1955 and 1964. Operations consisted of a mill and tailings 
pond on Silver Creek and an acid plant, cyanide heap leach, and settling ponds on the Dolores 
River. There were two discharge points associated with the operation. Discharge point 001 was the 
discharge from the Blaine Tunnel on Silver Creek. There is no longer discharge from 001 
because it is redirected underground to the St. Louis Tunnel where it drains into the St. Louis 
Settling Pond System on the Dolores River. The outfall of the final pond into the Dolores River is 
discharge point 002. 

All mining operations again ceased in 1971 and most of the mine workings were allowed to 
flood and drain through the St. Louis Tunnel. The waste materials from the acid plant and 
drainage from the St. Louis Mine were flumed to tailings ponds adjacent to Silver Creek and the 
Dolores River, as shown in Tetra Tech (2000). These tailings ponds were poorly maintained and 
frequently ruptured during the winter (CDOW, 1973). For example, during the winter of 
1966-1967, almost continual spillage of tailings into Silver Creek and the Dolores River were 
observed. These spills completely covered the bottom with gray deposits and orange-red iron 
oxide flocculent. This led to the loss of populations of aquatic organisms inhabiting Silver Creek 
and the downstream sections of the Dolores River (CDOW, 1973). 
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The Rico-Argentine Mining Company built a 300' by 500' leach pad next to the old sulfuric acid 
plant in 1973. A cyanide solution was used to leach silver and gold from raw ore, and an 
overflow of an unknown quantity of leaching liquour to the Dolores River occurred sometime in 
1974. In 1975 an additional cyanide leach pad was constructed in a settling pond originally used 
by the acid plant. 

AnJNOV and a Cease and Desist Order was issued to the Rico-Argentine Mining Company in 
199(Fby CDPHE because of the company's failure to meet compliance with its NPDES permit 

Anaconda purchased the property in 1980 and in response to the outstanding NOV and CDO, 
carried out several environmental efforts such as building a water treatment plant at the St. Louis 
Tunnel, capping wells, plugging adits, and stabilizing tailings and treatment ponds. 

Rico Development Corporation purchased the property in 1988. NOVs and CDOs were issued to 
Rico Development Corporation in 1990 for violations of the NPDES permitted discharge levels 
of lead and silver standards, and in 1994 for violations of silver, lead and zinc standard. 

The Atlantic Richfield Corporation (ARCO) (owner of Anaconda) initiated a voluntary 
environmental sites characterization of the town of Rico and surrounding area within the 
framework of the Colorado Voluntary Cleanup and Redevelopment Act (Analytical Results 
Report, Rico Argentine, Rico, Dolores County, Colorado TDD#9511-0015, 6/19/96). 

The Rico-Argentine Mine is a CERCLIS Hazardous Waste Site (EPA ID CO980952519) subject 
to removal actions under the Superfund law. As of 2000, the Rico Development Corporation had 
dissolved. Ownership of the abandoned mine site is currently in dispute, resulting in a lack of 
maintenance of the tailing ponds designed to capture discharges from the Blaine Tunnel and St. 
Louis Tunnel (Mimiaga, 2000). In April 2000 EPA Region 8 undertook an emergency removal 
action to stabilize the pond embankments and prevent a catastrophic release of mine effluent into 
Silver Creek. 

Five different gold and silver deposits, two gold deposits, and one silver deposit were shown in 
the Rico area on a list of major historic US Bureau of Mines deposits of gold and silver in 
Colorado from 1964 (Tetra Tech, 2000). A total of 10 large inactive metal mines were included 
from the Rico area on a 1982 Inactive Mine Inventory of Colorado prepared to help develop the 
Colorado Inactive Mine Reclamation Plan for the state (Bucknam, 1982). Other large mines in 
the Rico area include the Puzzle Mine on Horse Creek, the Poor Boy Mine, and Sambo Mine 
below Silver Creek; and the Iron Clad, Columbia, and Blue Bell Mines south of Rico. Active 
mine drains to the Dolores River are also present above Rico, including one mine drain on the 
mainstem of the Dolores and one mine drain upstream on Barlow Creek. 

Several studies conducted by the Colorado Department of Game, Fish, and Parks during the 
1960s found no fish or aquatic insects inhabiting the Dolores River below the Rico-Argentine 
min acid plant but thriving populations of fish and aquatic insects in the reach above the acid 
plant. There are still several large tailings piles located on the banks of Silver Creek along its 
lower reaches. The lower reaches of Silver creek also receive runoff from active acid mine 
seeps. This mining activity has dramatically affected present-day Silver Creek. There are still 
orange and red iron-stained areas on the rocks along the banks of the lower creek, and there is a 
lack of benthic invertebrates in the lower reaches of Silver Creek. Water and sediment sampling 
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in the Rico area was conducted for the US EPA in 1985. Mercury was detected in sediment 
samples in the Rico area from both Silver Creek and the upper Dolores River at 0.1 to 0.12 
mg/kg) (Morrison Knudsen, 1994). A sample from the tailings pond next to Silver Creek had 13 
mg/kg, which suggests the presence of mercury sulfides such as cinnabar. Mercury was also 
higher in sediment below the Rico-Argentine Mine (0.54 mg/kg) than sediment from the Dolores 
River below Silver Creek (ND to 0.06 mg/kg) (Morrison Knudsen, 1994). Follow-up sampling 
on Silver Creek was conducted in September 1995 for the USEPA. Three water and sediment 
samples from Silver Creek had no detected mercury; the detection limit for water was 0.2 pg/L 
and 0.12 to 0.13 mg/kg for sediment (URS, 1996), 

1999 sampling conducted by Tetra Tech included several samples of mine seeps and streams in 
the Rico area (see Section 3.5). 

West Dolores / Dunton Mining A rea 

On the West Dolores River, mining activity for gold, silver, and copper was primarily located in 
the upper reaches above Cold Creek near Dunton, located about 36 miles upstream of the 
reservoir. Large mines included Emma, Johnny Bull, Teaser, Privateer, and Little Silver. In 
addition to the mines, hot springs are present near the West Dolores River area, notably at 
Geyser's Hot Springs and Dunton. Mercury is often present in areas with hot springs, either in 
the water or as cinnabar (HgS) deposits (Saupe, 1972; Colorado Geological Survey, 1979). Four 
geothermal areas are also present in the Rico area (CGS, 1979). The larger geothermal areas are 
shown on the mines map (See Figure 3-1). 

Natural gas wells are also located throughout the area of the McPhee Reservoir watershed. The 
closest gas wells to the reservoir are located in the southeast area near House Creek. Mercury 
can be introduced from natural gas operations via spills from equipment containing mercury or 
from gas leaks where naturally occurring mercury is present in the gas itself Mercury spills 
from pressure and density gauges are more common in deep wells over 400 ft deep. At present, 
there are no active drilling operations near the reservoir; it is mostly gas pumping and 
distribution operations. 

In general, the quantity of mercury loading from mining operations has not been measured 
directly . Instead, the loads must be estimated through combination of observed data in the water 
column and sediment (Section 3.5), coupled with the watershed linkage analysis (Section 4,4). 
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October 20, 2003 

William J. Duffy 
Davis Graham & Stubbs 
1550 Seventeenth Street 
Suite 500 
Denver, Colorado 80202 

RECEIVED 
0 r T 

Re: Rico, Colorado 
St. Louis Tunnel 

Dear Mr. Duffy: 

This letter is provided to you in response to your letter of October 14, 
2003. At a meeting held at your office on December 16, 2002, Atlantic Richfield 
(BP Amoco) demanded that NL pay 75% of the costs relating to addressing the 
discharge from the St. Louis Tunnel that allegedly is adversely impacting the 
Dolores River. At that meeting, in response to my request, you stated that you 
would provide a written analysis of NL's alleged liability for the discharge from the 
St. Louis Tunnel that purportedly would support assigning a 75% share of costs 
to NL. Nearly a year has passed since our meeting and I have received no such 
analysis. 

However, in addition to your letter of October 14, 2003, we have received 
correspondence dated July 11, 2003, March 18, 2003, February 11, 2003, 
January 31, 2003, December 26, 2002 and December 24, 2002 that continues 
your longstanding effort to seek NL's involvement and participation in developing 
a response to the St. Louis Tunnel discharge without any factual basis for 
assigning responsibility to NL. Among other things, this effort is designed to limit 
the role of the US EPA and the federal regulatory process, including public 
participation, established under CERCLA and the National Contingency Plan. 

Since 1995 when NL first received notice of this matter from Atlantic 
Richfield, we have periodically requested information that is within your client's 
possession that is crucial to understanding the history of the activities that 
caused the discharge from the St Louis Tunnel. For more than eight years, 
however, Atlantic Richfield has failed to provide any information that supports a 
claim that either NL or St. Louis Smelting & Refining Company has responsibility 
for the conditions impacting the Dolores River. 

To our knowledge, Atlantic Richfield has not been required to respond to a 
CERCLA §104(e) request from the US EPA to disclose information and 
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knowledge within its possession regarding the St. Louis Tunnel.1 As the 

following history of the site demonstrates, if required to respond to aCERCLA 

§ 104(e) request or if litigation occurs, Atlantic Richfield will be determined to be 

solely responsible for the discharge from the St. Louis Tunnel that is impacting 

the Dolores River.2 

* * * 

St. Louis Smelting & Refining Operations 

In October 1930, St. Louis Smelting & Refining Company began a 
development and haulage tunnel (the St. Louis Tunnel) into CHC Hill on the 
southwestern side of Telescope Mountain in Rico, Colorado. Due to low metals 
prices, ore was mined only sporadically from the St. Louis Tunnel during the 
years of the Great Depression. As such, St. Louis Smelting & Refining 
Company's operations were characterized by short periods of development 
activity followed by long periods of inactivity. In the end, relatively little ore was 
produced from the St. Louis Tunnel before St. Louis Smelting & Refining 
Company abandoned its Rico holdings, including the St. Louis Tunnel, in 1942. 
Neither NL nor St. Louis Smelting conducted operations in Rico after this date. 

During the period of development between 1930 and 1942, St. Louis 
Smelting & Refining operated a 10-ton battery powered trolley locomotive inside 
the St. Louis Tunnel to remove the ore. Electric lighting was installed inside the 
St. Louis Tunnel to assist in the development work. (The original trolley tracks 
are still visible today at the entrance of the Tunnel and have been documented in 
photographic evidence collected in February 2003.) The ore extracted by the St. 
Louis Smelting & Refining Company was transported by railroad cars to Utah for 
milling and processing. 

St. Louis Smelting & Refining Company's use of the Tunnel was 
incompatible with its later-and current-use as a drainage discharge adit. 
Available information confirms that no discharge of water to the Dolores River 
occurred during the period 1930 to 1942. Specifically, extensive photographic 
documentation of the dry conditions both inside and outside the St. Louis Tunnel 
and the surrounding area during the period 1930 to 1942 can be found in the 

1 The Court's Memorandum Ruling dated July 19, 1996 in Crystal Oil Company v. Atlantic 
Richfield Company. CA No. 95-21115 (United States District Court, Western District of Louisiana, 
Shreveport Division), states in relevant part: "According to the affidavit of its counsel, ARCO 
maintains in Colorado a repository of thousands of documents pertaining to the RICO site." See, 
p. 16. 

2 This letter does not address the other extensive mining operations of Atlantic Richfield's 
predecessors, International Smelting & Refining Company and Pelleyre Mining & Milling 
Company, in Rico during the period of time before 1944. 
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Orval L. Jahnke Collection; the William A. Graves Collection; the David Butler 
Collection; the Freda Engel Collection; and the Charles Miller Engel Collection. 
(See also, newspaper articles in The Rico item, The Rico-Dove Creek News, and 
The Dove Creek Press, 1930-1942; and the State of Colorado Bureau of Mines. 
"Inspector's Reports" for the St. Louis Tunnel, 1930-1942.) Photographic 
evidence proves beyond a doubt that no water was present in or discharged from 
the St. Louis Tunnel during the period 1930 to 1942. 

Rico-Argentine Mining Company Operations 

In 1944, Atlantic Richfield's predecessor, Rico-Argentine Mining Company, 
acquired the rights to the St. Louis Tunnel. Initially, Rico-Argentine actively 
developed ore from inside the St. Louis Tunnel. Due to World War II, the mid 
1940s was a period of significant ore production from the St. Louis Tunnel. 
However, by the late 1940s, these operations began to decline. 

From 1953 to 1955, Rico-Argentine drilled a 4,000' crosscut from the St. 
Louis Tunnel at the 8,844' level to connect the Blaine and Argentine Mines on 
Mountain Springs at the 9,500' level in order to dewater the Blaine and Argentine 
Mines through gravity drainage directed out the St. Louis Tunnel and then into 
the Dolores River. Information indicates that the company believed that this 
approach was more efficient and cost-effective than pumping water out of Blaine 
and Argentine mines, which were at a higher elevation than the St. Louis Tunnel. 

Various reports document the effort and progress of Rico-Argentine in 
connecting the St. Louis Tunnel to the Blaine and Argentine workings and 
dewatering the Blaine and Argentine workings through the gravity dewatering 
process. One document states that "[t]he long crosscut from the St. Louis tunnel 
to the Argentine shaft on Silver Creek [e.g., Blaine and Argentine] was finished in 
1955, lowering the water level in the Silver Creek mine workings by about 450 
feet and draining a large block of mineralized ground.. Driving of the St. Louis 
Tunnel under CHC Hill with a crosscut to Silver Creek has simplified the drainage 
problem ... [Rico-Argentine Mining Company] drove the new shaft on the 
northwest side of the creek. The St. Louis crosscut serves a very useful purpose 
in providing gravity drainage for all workings on* or above, the 500 level." (See. 
USGS Professional Paper #723, Edwin T. McKnight) According to the Colorado 
Bureau of Mines 1955 Annual Report: "The Rico Argentine Company is 
continuing their work on the St. Louis Tunnel, which will connect with the Blaine 
workings at a lower elevation and act as a drainage tunnel for the area." 

Rico-Argentine's actions converted the St. Louis Tunnel from an ore 
haulage tunnel with a functioning locomotive system and electricity into a 
drainage adit, which resulted in the commencement of the flow of water into the 
Dolores River that continues to this day. 
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During the mid-1950s, in connection with the processing of uranium ore, 
Rico-Argentine also began operation of a large sulphuric acid plant near the 
entrance of the St. Louis Tunnel. Rico-Argentine constructed a series of settling 
ponds-present to this day-in connection with the operation of the sulphuric acid 
plant. The operation of the sulphuric acid plant caused significant contamination 
to the area. One authority stated that "[pjollution of the Dolores River and 
harmful effects on local vegetation brought about the closure of the plant in 
1964." (See. "The Mineralogical Record-The Mines and Minerals of Rico" Vol. 
16, May-June 1985) In addition, US EPA's expert Tetra Tech determined that 
Rico-Argentine's acid plant and adjacent settling ponds are a source of 
contamination to the Dolores River: 

"The waste materials from the acid plant and drainage from the St. Louis 
Mine were flumed to tailings pond^adjacent to Silver Creek and the 
Dolores River... These tailings ponds were poorly maintained and 
frequently ruptured during the winter. For example, during the winter of 
1966-1967, almost continual spillage of tailings into Silver Creek and the 
Dolores River were observed. These spills completely covered the bottom 
with gray deposits and orange-red iron oxide fiocculent. This led to the 
loss of populations of aquatic organisms inhabiting Silver Creek and the 
downstream sections of the Dolores River... The Rico-Argentine Mining 
Compay built a 300' by 500' leach pad next to the old sulfuric acid plant in 
1973. A cyanide solution was used to leach silver and gold from raw ore, 
and an overflow of an unknown quantity of leaching liquor to the Dolores 
River occurred sometime in 1974." 
(See. http://www.epa.gov/Region8/water/tmdl/files/ch3.pdf) 

The contamination in the settling ponds from these operations remains 
present to this day and is continuing to enter the Dolores River. Neither NL nor 
St. Louis Smelting & Refining Company had anything to do with the sulfuric acid 
operations and the failure to maintain the settling ponds constructed by Atlantic 
Richfield. Several sources document Atlantic Richfield's neglect of the settling 
ponds and the resulting harm to the Dolores River from the discharge of the 
settling ponds. Photographic and other evidence show the extensive damage 
these operations have caused to the surrounding environment and the Dolores 
River. 

Following the termination of Rico-Argentine's mining operations, the 
mines, including the St. Louis Tunnel, were purposely allowed to flood which 
apparently caused significantly more water to be discharged to the Dolores River. 
According to the State of Colorado, Bureau of Mines Information Report dated 
June 10, 1971: "Mining operations were ceased May 26, 1971 .. . These lower 
levels will be allowed to flood, the St. Louis Tunnel is connected at the 500 level 
and any flooding above this elevation will be drained through this connection," 
The Colorado Bureau of Mines Information Report on the St. Louis Tunnel dated 

http://www.epa.gov/Region8/water/tmdl/files/ch3.pdf
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December 5, 1974 states in relevant part: "This tunnel provides drainage for the 
Rico Argentine and Blaine Mines. The mines are idle at present but drainage is 
maintained continuously." 

In 1972, shortly after the intentional flooding of the mines, Rico-Argentine 
acquired the water rights to the discharge from the St. Louis Tunnel and the 
Blaine workings. (See. In the Matter of the Application for Water Rights of Case 
No. W-802. In the District Court in and for Water Division No. 7, State of 
Colorado, Case No. W-802 dated October 19, 1972 "St. Louis Tunnel" and In the 
Matter of the Application for Water Rights of Case No. W-801. In the District 
Court in and for Water Division No. 7, State of Colorado, Case No. W-801 dated 
October 19, 1972 "Blaine Tunnel") The Recommendation of the Division 
Engineer in Case No. W-802 (the St. Louis Tunnel water rights) states that "this 
is the main water supply for the operation of the Mining Company. The water is 
developed from their main tunnel." The Recommendation further notes that the 
"means of diversion" is "gravity flow." In the application for Case No. W-802, 
Orval L. Jahnke, on behalf of Rico-Argentine, states that the amount of water 
claimed from the St. Louis Tunnel is 538 gallons per minute to be used for 
"drilling water, cooling water, domestic water and stock water." 

Atlantic Richfield is the successor to Rico-Argentine & Expressly Assumed 
All Environmental Liabilities of Rico-Argentine Mining Company 

On August 27,1980, Anaconda Company-which was merged into Atlantic 
Richfield in December 1981 -acquired substantially all of the assets of the Rico-
Argentine Mining Company from Crystal Exploration and Production Company 
(El Paso Corporation). Atlantic Richfield estimated that a present worth of $130 
million in molybdenum deposits were present in Rico. The closing occurred after 
a significant three-year period of environmental due diligence through which 
Atlantic Richfield obtained a discount of nearly $16 million from the $20 million 
initial purchase price for the purpose of addressing environmental concerns. In 
the end, Atlantic Richfield paid a heavily discounted purchase price of $4.5 
million to Crystal for the Rico holdings that Atlantic Richfield estimated would 
generate $1:30 million. 

The Closing Agreement between Anaconda and Crystal makes clear that 
Anaconda intended to acquire the Blaine and St. Louis Tunnels (See. Schedule 1 
of Patented Mining Claims, "Martha" Patent No. 1115034/Mineral Survey No. 
20619 and "Mervin" Patent No. 1115034/Mineral Survey No. 20619-aka, the St. 
Louis Tunnel--to the Mining Deed dated August 27,1980) as well as the 
associated NPDES Discharge Permit No. CO-0029793 regulating discharge from 
the St. Louis Tunnel.3 (See. Paragraph 2 of the Closing Agreement) 

3 The June 30, 1987 NPDES Permit No. CO-0029793 issued to The Anaconda Minerals 
Company for discharges from the St. Louis Tunnel to the Dolores River specifically states that 
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Anaconda specifically agreed to pay all penalties and costs relating to St. 
Louis Tunnel NPDES permit discharge violations occurring before August 27, 
1980 that were in excess of $30,000. (See. Paragraph 3(a) of the Closing 
Agreement) Anaconda also acquired the water rights from both the Blaine 
workings and the St. Louis Tunnel. (See. Schedule 5 to the Mining Deed dated 
August 27, 1980) 

Paragraph 3(c) of the Closing Agreement makes clear that Atlantic 
Richfield acquired environmental liabilities related to the St. Louis Tunnel: 

Anaconda shall be solely and fully responsible for any and all 
compliance requirements imposed, in response to permit violations 
which occur either before or after August 27,1980, by either the 
Colorado Department of Health or EPA, including, without 
limitation, clean-up orders or the installation of pollution control 
facilities, devices, plans or programs. In no event shall Crystal be 
liable for or subject to, either directly or indirectly, any such 
compliance costs or requirements. 

Prior to the closing, Anaconda hired the nationally-recognized 
environmental consulting firm Camp Dresser & McKee (CD&M) to undertake the 
environmental due diligence at Rico. The discharge from the St. Louis Tunnel 
was extensively investigated and remedial alternatives were considered and 
analyzed. With respect to the St. Louis Tunnel discharge, CD&M concluded: "In 
all cases, it is proposed that the waste flows from Silver Creek [e.g. Blaine and 
Argentine) be collected and transferred by gravity flow to the St. Louis Tunnel 
site." (See. "Report on Environmental Liability Assessment of Rico-Argentine 
Mining Company, Rico, Colorado" dated September 28, 1979) 

In addition, internal contemporaneous Anaconda memoranda extensively 
document the environmental liabilities to be assumed in connection with the 
transaction. The "Summary of Justification" prepared by Atlantic Richfield 
officials to support the acquisition states that "[pjurchase of the Rico property 
involves assumption of environmental liabilities as the substantial surface and 
mineral assets. Tailings stabilization and water treatment costing about $15.4 
million may be needed to correct environmental damage left from 100 years of 
silver mining."4 (Emphasis added) 

"operations consisted of a mill near Silver Creek [e.g., Blaine and Argentine Workings] an [sic] 
acid plant and cyanide heap leach along the Dolores River in the St. Louis mine area. Discharge 
point 001 was the discharge from the Blaine Tunnel. The permittee will no longer discharge from 
001 except in emergency bypass situation. Currently, water from the Blaine Tunnel is redirected 
underground to the St. Louis Tunnel where it drains into thirteen settling ponds. The outfall of the 
final pond (pond 5) is discharge point 002" [e.g., the Dolores River]. (Emphasis Added) 
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The Summary then notes that '*[i]f exploration does not find a deposit of 
interest to Anaconda, the company will have purchased $5 million of surface 
assets, an estimated $5 million of mineral rights, and $15 million of 
environmental liabilities. Disposal of the property with some of the environmental 
problems still attached, [sic] could probably be achieved at break even costs via 
sale to a ski resort development corporation or mining company." 

A detailed Atlantic Richfield memorandum accompanying the Summary 
provides in relevant part: 

"The second area of concern is the $15.4 million cost estimate for 
environmental remediation. Although this cost was incorporated into both 
purchase options in an identical manner and does not significantly detract 
from the overall economics of the project, the liability represents the most 
significant exposure should the project fail to meet molybdenum target 
expectations. If Anaconda were to purchase now or in 1981 based on 
only 'near discovery data', the exposure would be $15.4 million, with a 
continued caretaking cost of $200,000 per year until the property was 
disposed of via sale to either a real estate concern or to a competitor 
mineral development company." 

A memorandum supporting the foregoing document states as follows: "My 
basic conclusion is that the environmental liabilities at RICO have not been 
overstated bv the CDM report and the recommended control actions will require 
about $16.000.000 in costs over the initial years of Anaconda ownership." 
(Emphasis in original) That same memorandum examines the various 
environmental issues at Rico and states, in relevant part: "Blaine Workings-
Environmental Liability: Discharges polluted water to St. Louis Tunnel. St. Louis 
Tunnel Adit-Environmental Liability: Discharges polluted water to Settling 
Ponds." (See, Anaconda Memorandum dated April 14, 1980 from A. Barber to 
R. Krablin re "Rico Environmental Considerations") 

Various internal Anaconda memoranda supporting the $16 million 
purchase price discount include detailed cost analyses for responding to Rico 
environmental issues and include specific components for a water treatment 
plant, collection and treatment system at the St. Louis Tunnel-^costs for which 
Atlantic Richfield is attempting to transfer onto NL more than 20 years after the 
closing. (See, Anaconda Memorandum dated October 9,1979 from John C. 
Wilson to Jack Whyte re "Rico Environmental Liability Assessment") 

4 The Summary also discloses Atlantic Richfield's related objective: "Purchase of Crystal's assets 
now will block development of the town as a tourist resort and insure availability of important fee 
land for development of a major mine." 
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It is not necessary to detail Atlantic Richfield's well-known effort in 1988 to 
transfer its obligations for Rico environmental liabilities, including the St. Louis 
Tunnel NPDES Discharge Permit, onto Rico Development Corporation in return 
for $950,000 and an indemnification from the buyer for the St. Louis Tunnel 
NPDES discharge permit. (See, Purchase and Sale Agreement dated May 9, 
1988, paragraph 6) Extensive litigation initiated by the United States against the 
Rico Development Corporation and its principals under the Clean Water Act has 
resulted from that failed effort. 

Finally, we are aware of the litigation that Crystal Oil Company (El Paso 
Corporation) filed against Atlantic Richfield in response to Atlantic Richfield's 
threats against Crystal relating to the environmental liabilities of Rico-Argentine 
Mining Company. (Crystal Oil Company et al. v. Atlantic Richfield Company. CV-
95-2115, United States District Court, Western District of Louisiana, Shreveport 
Division, filed November 30, 1995) The evidence produced in that litigation, as 
well as its ultimate resolution, has led to the conclusion that Atlantic Richfield is 
the successor to the Rico-Argentine Mining Company and that Atlantic Richfield 
expressly assumed all environmental liabilities of Rico-Argentine in Rico, 
specifically including the discharges from the St. Louis Tunnel into the Dolores 
River. Atlantic Richfield's direct and significant role in more recent years 
(subsequent to the resolution of that litigation) at the St. Louis Tunnel further 
supports the conclusion that Atlantic Richfield is aware that it is solely 
responsible for the actions of Rico-Argentine Mining Company that caused the 
current environmental conditions at the St. Louis Tunnel. 

* * * 

Your October 14, 2003 letter repeats the assertion: "Atlantic Richfield will 
seek contribution from NL Industries for NL's equitable share of design, 
construction, and future operation and maintenance costs of the system 
approved by the State of Colorado." As the foregoing facts clearly demonstrate, 
NL does not have liability for the discharges from the St. Louis Tunnel that are 
reaching the Dolores River. As such, NL sees no basis for participating in the 
October 30, 2003 meeting or in Atlantic Richfield's efforts to work around the 
requirements of the CERCLA regulatory process, including the critical public 
participation process and the detailed analysis of appropriate remedial 
alternatives for addressing the conditions in the Dolores River. 

The evidence is clear that through the actions of the Rico-Argentine 
Mining Company, Atlantic Richfield is solely responsible for causing the 
discharge from the St. Louis Tunnel and settling ponds that is impacting the 
Dolores River. Atlantic Richfield acquired the St. Louis Tunnel with knowledge of 
its history but has spent a mere $500,000 or so, according to your letter dated 
November 15, 2002, to address the St. Louis Tunnel. 
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Finally, as I have requested repeatedly over the years to you and to the 
prior Atlantic Richfield attorneys and representatives handling this matter, if 
Atlantic Richfield does have information suggesting or indicating that NL caused 
the discharges from the St. Louis Tunnel that are impacting the Dolores River, 
that information should have been provided to NL long ago. 

If Atlantic Richfield (BP Amoco) initiates litigation against NL relating to 
this matter, NL will vigorously defend itself and pursue attorneys' fees, costs and 
other appropriate relief. If litigation does ensue, Crystal Oil (El Paso Corporation) 
may also be involved since NL will seek a declaration that these entities should 
be allocated 100% of the response costs relating to the St. Louis Tunnel 
discharge. 

By copy of this letter to US EPA, NL hereby supplements its response to 
the CERCLA §104(e) response submitted on May 14, 2001. 

MAM/web 

cc: Eric James Heil 
Rico Town Attorney 

Sheldon H. Miller 
United States Environmental 

Protection Agency 

Tony Trumbly 
Colorado Attorney General's Office 

Edward C. Lewis 
Crystal Gas Storage 

Peggy A. Heeg 
El Paso Corporation 

Very truly yours 

HIGHLAND ENVIRONMENTAL 

Marcus A. Martin 
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Zone Cone district (Dunton).—At the old Emma mine, reopened in 
1928-29, no.new development work was done in 1930. The mine and 
mill were run part time from June 15 until September 1. An S-ton 
lot of gold-silver smelting ore and a 6-ton lot of gold-silver concen
trates were shipped. 

Pioneer district (Rico).—The Rico district in 1930 produced 7,650 
tons of ore yielding, in terms of recovered metals, 57,975 in gold, S0.6S3 
ounces of silver, 309.000 pounds of copper, 1,355,000 pounds of lead, 
and 1,190.000 pounds of zinc. Classification of ore shipped in 1930 
was as follows: Silver ore, 12S tons; copper-silver-gold ore, 1,692 
tons; lead-silver-gold ore, 688 tons; and zinc-lead-copper-silver-gold 
ore, 5.142 tons. THe last-mentioned type of ore was shipped to Utah 
to the custom flotation mills of the Combined Metals Reduction Co. 
at Bauer, the International Smelting Co. sulphide concentrator at 
Tooele, and the United States Smelting, Refining & Mining Co. at 
Mid vale. AM the rest of the ore was direct smelting ore. The two 
largest producing mines were the Rico Argentine and the Wellington 
group of the St. Louis Smelting & Refining Co. Other producers 
were the A. B. C. group, Atlantic Cable. Buckhorn Tunnel group. 
Etta Grace. Falcon, Hicks, Lucky Boy. Pro Patria, and Union Car
bonate. The St. Louis Smelting & Refining Co. began driving what 
will be a new 5,000 to 6,000 foot adit to cut the company's workings 
at lower depth. 

EAGLE COUNTY 

Battle Mountain district (Red Clidf, Gilman).—Eagle County became 
one of the principal producing counties in 1930 through the produc
tion of the Empire Zinc Co. Eagle mine on Battle Mountain near Red 
Cliff. Since 1912 this company has been opening and developing its 
holdings, with some regular annual production; throughout 1«930 it 
ran the 600-ton jig and flotation mill completed and set in operation 
in November, 1929. The mill is built in an excavation cut into the 
granite face of Eagle Canyon; therefore, most of it is underground. 
In addition to milling the zinc-lead ore the company continued to ship 
copper-iron-silver-gold and iron-silver-gold ore to Utah smelters. 
The zinc concentrates from the mill were sent to Depue, 111., and the 
lead concentrates to the Leadville smelter. 

Holy Cross district..—Sluice boxes placed on the Golden Gate claim 
treated old mill tailings from the Golden Pelican and recovered 450 
pounds of gold concentrates containing 4.7 ounces of gold. A small 
batch of amalgam bullion, also recovered in the sluice boxes, was sold 
for 517. 

Fxdjord district.—A 942-pound lot of ore shipped from the Fulford 
district assayed 0.57 ounce of gold to the ton. 

EL PASO COUNTY 

The Golden Cycle mill at Colorado Springs, El Paso County, 
treats all the gold telluride ores, containing 0.1125 ounce gold and 
above,jfrom the Cripple Creek ^district, Teller County. When built 
in 1907 the mill was a 1,200-ton roast-amalgamation-cyanidation 
mill. Since 1927 a supplementary installation of crushers, a ball 
mill, and a Dorr classifier has been used to treat in an all-sliming cya-
nidation circuit, without preliminary roasting, gold pyrite ores and 
concentrates from Leadville, Empire, Idaho Springs, and Russell 
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THE ORE DEPOSITS OF THE RICO MOUNTAINS, 
COLORADO. 

By F. I J .  RAXSOME. 

INTRODUCTION. 

Field work in the Rico district was begun on the 1st of July. 1000, 
with Mr. Alfred Mayer Rock as field assistant, and was I nought to a 
close on the ISth of August of the same year. It was found that work 
in the larger mines had practically ceased, and that leasing on a small 
scale and prospecting were the only surviving forms of mining activity. 
But against this decided disadvantage in a study of the ore deposits 
were to he set off some factors of direct gain. In issi»5. Mr. (J. W. 
Purington. then of the I'uitcd States Geological Survey, visited the 
region and made a brief investigation of the ore deposits. The results 
of his reconnaissance were never published. They indicated that the 
interest and complexity of the phenomena there displayed demanded a 
better and larger-scale topographic map than was then available, as 
well as a comprehensive investigation of the geology of the region. 
This map was made, and in ltsl*8 Mr. G. W. Tower was detailed to 
make a thorough study of the ore deposits of the Rico Mountains in 
connection with the geological work of Messrs. Cross and Spencer. 
Mr. Tower subsequently severed his connection with this Survey, and 
his manuscript report was never published. 

The notes and manuscripts of Messrs. Purington and Tower, as 
well as their collections, were placed at my disposal and have been 
employed to supplement my own observations wherever this appeared 
necessary. Where their material has been so used it has been credited to 
its source. The main usefulness of their notes, however, has been to 
afford starting points from which to plan various lines of investigation 
in the field. To Mr. Tower I am particularly indebted for a complete 
set of tracings of such mine maps as could be obtained at the time his 
work was done and for an excellent collection of the ores of the district. 
The possession of these has resulted in a considerable saving of time 
and labor. 

The literature of the Rico district is not extensive. A paper by 
John B. Farish1 on the ore deposits of Newman Hill and u later one 

> on tbe ore deposits of newman hill, near kicu, colo.: proc. colo. sci. soc., voi. iv. uwa, pp. 1m-1m. 
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hv T. A. Rickard1 011 tin- Enterprise mini- are iuqiortaiit contributions 
and will be frequently referred • '> in the following page>. I be latest 
and niosteomprehensivo work, however, is the report of Messrs. \\ hit
man Cross and Arthur C. S]>encerJ on the geology of the Kieo region. 
A knowledge of the essential results of their investigation and inter
pretation of the general geological structure and history is necessary 
for a proper understanding of the following pages. The present 
paper is. in fact, a supplement and sequel to their report. 

Of the mining men of this district it-is difficult to speak in terms of 
nterelv formal acknowledgment. An experience of some years in 
Western mining towns has failed to discover such hospitality, natural 
courtesy, and readiness to further scientific investigation by all means 
in their power, as was shown, without any exception. by the men of 
Rico. 

(JKOOUAPIIY. 

The regioii_-fipvered by the ltico special map3 and treated in this 
rejKUt lies in southwestern Colorado, between longitude P>7 •»>>' :>7" 
and los; .V 39" west and latitude 37- 40' and 87- 44' 39" north. Its 
area is approximately 3;"> square -miles, and its general jiositioii is 
shown by the accompanying index map trig. 30). Rico, a town of a 
few hundred inhabitants and the county seat of Dolores (Anility. lies 
nearly in the center of the district, on the Dolores River, which 
traverses the area from north to south. The Rio Grande Southern 
Railroad connects the town with the Denver and Rio Grande system 
at Durango on the south and at Ridgway on the north. 

The mining district is nearly coextensive with the .isolated group of 
peaks which have been called the Rico Mountains and which constitute 
an uplift distinct from the Mount Wilson group on the north, the San 
-luan Mountains on the northeast, and the La Plata Mountains on the 
south. On the west the Rico Mountains subside into the slightly 
inclined, dissected plateaus which stretch away into Utah. 

HISTORY. 

Records of the discovery and early development of the Rico ore 
bodies are fragmentary and often conflicting. The following data are 
drawn largely from an article entitled " The early trail blazers." which 
was published in the Rico News of June, 1892, and which was brought 
to my attention by Mr. G. W. Tower. The events recorded in 
this sketch, which bears evidence of careful preparation, have been 

1 The Enterprise mine. Rico, Colo.: Trans. Am. Inst. Mining Eng.. Vol. XXVI. 1896, pp. 90G-9S0. Also 
published, in part, under title Vein structure in the Enterprise mine: Proc. Colo. Sci. Soc.. Vol. V, 
1894-96. pp. 123-130. 

'Geology ol the Rico Mountains: Twenty-Ant Ann. Rept. U. S. Geol. Survey. 1899-1900, Pt. II, 
pp. 7-ltij. 

'Cross and Spencer: loc. ciL, PI. XXII. 
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verified as far as possible by comparison with other less extended 
references to the region, including Bancroft's History of Colorado. 
Frank Fossett's Colorado (the second edition of which was published 
at New York in 18!S0). and T. A. Kickurd's Enterprise Mine. 

It is possible that some of the early Spanish explorers found their 

SCALE 
MILES 

Fio. 39.—Index map showing position of Rico district. 

way up to the valley of the Dolores River, but the first party of white 
men known to have penetrated this region consisted of about 60 
trappers from St Louis, under the leadership of William G. Walton. 
This party set out from the trading post of Taos, N. Mex., and spent 
the summer of 1833 along the Dolores River and in camp near Trout 
Lake, about 13 miles northeast of the present site of Rico. 
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" In |s»il Lieutenant Howard and other members of John Baker's 
expedition into the San Juan region made their way over the mountains 
from the east and prospected the Dolores ltiver. afterwards rejoining 
the main party at Bakers Park, where the town of Silverton now 
stands. 

Five vears later a part}* from Arizona, under Colonel Nash, following 
the Santa Fe and Salt Lake trail, reached the Big Bend of the Dolores 
(where the town of Dolores now stands), and explored the river to its 
source. Thence they crossed the divide to Trout Lake and proceeded 
down the San Miguel River. 

In Isiin Sheldon Shafer and Joseph Fearheiler reached the site of 
Rico on their way from Santa Fe to Montana. They were well pro
vided with tools and provisions and. struck by the indications of min
eral wealth which the region afforded, decided to thorough'}" prosjiect 
the district. They built a cabin on Silver Creek, near the spot where 
the South Park mine was afterwards opened, and located, in July. lSllb, 
a claim which they called the Pioneer, a name that afterwards became 
the ollieial designation of the mining district. It covered portions of 
what are now the Shamrock. Smuggler, and Riverside claims. They 
also made a locution which they named the Nigger Baby, on account of 
the abundant black oxide of manganese found in the vein. Although 
thi- claim afterwards became part of the Plaenix mine, the name was 
perpetuated as Nigger Baby Hill. In the autumn of 18tib they built 
a more substantial cabin near where the Rico State Bank now stands, 
and wi >rkefl on the Pioneer claim through the winter. 

In is To R. C. Darling, engaged in surveying the boundaries of the 
L'te Indian Reservation, passed up the Dolores on his way to Mount 
Snefiels. He found Fearheiler and Shafer at work, located some 
claims near them, and proceeded on his way up stream. His name sur
vives in Darling Ridge, one of the spurs of Expectation Mountain. 

During the same year "Gus» Begole. John Echols. Dempsey Reese, 
and - Pony " Whittemore came into the district from New Mexico and 
discovered the Aztec and other lodes. On the approach of winter all 
of the prospectors relinquished their work and left the district. Fear
heiler never returned, being killed by Indians on his way to Fort 
Defiance. 

Apparently none of the adventurous prospectors came back to 
their claims in the following summer, but in 1872. Darling, who bad 
succeeded in interesting some army officers and capitalists from 
W asbington, D. C., in the resources of the. region, led a large party 
into the Pioneer district from Santa Fe. They carried with them & 
few lengths of board from which they constructed molds for adobe 
bricks, and of these they erected a Mexican smelting furnace. Ore 
was extracted from what are now the Atlantic Gable, Aztec, Phoenix, 
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and Yellow Jacket claims, and three small bars tit' bullion were pro
duced in this furnaee. The adobe, however, was not sufficiently 
refractory, ami the furnace soon became useless. 1 )iscoumged by 
their failure and by the low grade of the bullion, the claims were 
abandoned on the approach of winter and the party returned to 
Santa Fe. 

Two years later, members of the Hayden survey mapped the region 
and gave many of the existing names to the more prominent topo
graphical features. 

Prospecting was again resumed in the Pioneer district in 1S77, and 
in 1S78 became active through the energy of John Glasgow. "Sandy" 
Campbell, David Swickhimer. and others. The Atlantic Cable, Black-
hawk. Hope. Cross. Grand View, Major. Pluenix. Yellow Jacket. 
Pelican. Aztec, and Columbia claims were all located in 1S7S. but, 
as usual, work was abandoned when the winter snows whitened the 
surrounding peaks. 

In the spring of 187i>. rich oxidized silver ore was discovered on 
Nigger Babv Hill and a rush to the district from the neighboring 
camps followed. Several claims on Nigger Baby Hill were sold to the 
Grand View Mining Company, in which Senator Jones and John W. 
Mackay. well known for their operations on the Comstock. were 
prominent stockholders. Ore was also found in the Chestnut vein, 
on Newman Hill, and a small shipment was made to Swansea. 

The beginnings of a settlement sprang up. The town site was sur
veyed and divided into lots, and E. A. Iiobinson became justice of the 
peace. The tirst newspaper, the Dolores News, appeared on August 
21. the first seven numbers being printed in Silvcrton. A post-office 
was opened and the name Rico was given to the growing town. 

The Grand View smelter was begun in 1880, the machinery coming 
from the railway terminus at Alamosa by wagons to Mancos, and 
thence over the now abandoned road which reached the Dolores River 
by the dreaded Bear Creek Hill, 12 miles south of Rico. The freight 
from Alamosa was about 8300 per ton. Late in the autumn the smelter 
began producing bullion. This same year saw the discovery of the 
Johnny Bull ore body. 

The year 1881 is notable for a punitive expedition against a party 
of Utes, who were overtaken near the La Sal Mountains and defeated," 
with considerable loss of life on both sides. 

The following spring the Rico Mining and Smelting Company began 
the erection of a second smelter in the southern end of town, and the 
Newman group of mines was sold to the Marrs Consolidated Mining 
Company for $175,000. 

In 1883 the finding of ore in the South Park mine, on Silver Creek, 
led to active prospecting along this stream. 

22 GEOL, PT 2—01 16 
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In 1SS4 the Ru n smelter WJI> puivluisod ami repaired by tin' Pasa
dena Compaiiv. and was operated as a custom plant tor nearly two 
years. 

As earlv as.issi David Swiekhimcr. Patrick Cain, and John Guult 
begun a shaft on the Enterprise claim 011 Newman Hill, but suh>e-
quentlv sold their property for a few hundred dollars' worth of lum
ber. lint the success of Larned and Hackett in following the veins in 
the Chestnut and Swansea claims led Swickhimer to repurchase a con
trolling interest in the Enterprise, and in October. lsST. he struck ore 
at a depth of -JC-J feet. This was the first discovery of the so-called 
'•contact" or blanket ore. and the shaft had fortunately cut the edge 
of the largest and richest ore laxly ever found on Newman Ilill. 

The result of Swiekhitner's discovery was to infuse new life into the 
district. Large bodies of ore were found in the iliackhawk. Logan, 
and Rico-Aspen mines, and the future of Rico looked brighter than 
ever before. 

The Enterprise group was sold in 1S90 to a Pittsburg company, and 
the same vcar saw fhe advent of the Rio Grande Southern Hail road. 
Litigation sprang t\> l»ctween the Enterprise and Rico-Aspen compa
nies. but production went on. and when the suit was finally won by the 
Enterprise the ore in the disputed territory had been extracted, 
largely by the Rico-Aspen Company. 

Since 1S!>5 the output of the Pioneer district has decreased. The 
large bodies of rich •'contact" ore have been mined out and many of 
the veins have >»een worked down to a depth at which the ore no longer 
pays for shipment. Masses of ore often proyed to be curiously limited, 
owing to various conditions that are characteristic of the region, and 
that will be described in the following pages. The declining price of 
silver has had a depressing effect on this, as on other districts, where 
this metal forma a,large part of the output. But nearly all the impor
tant ore bodies formerly exploited were sufficiently rich to be workable 
to-day had they not been exhausted. 

In the year 1900 the only ore being shipped from the district wns an' 
occasional carload taltea out by leasers working small areas of unex
plored-ground in J^ie fi^fctmines. Whether the present inactivity is 
final or not is a question tutsan not be decided offhand. Prosperity 
and depression, following eac^Dtber in rhythmic procession, arc the 
lot of many mining districts, and it is oftep difficult to distinguish a 
state of quiescence ftom one of extinction. 

Whatever the economic future of the.Pioneer district may be, the 
modes of occurrence of its ores present'many problems of unusual and 
living interest. After a consideration of these, the question of a pos
sible revival of mining activity may be more intelligently answered. 
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pmmrn'ioN. 

The totil production of the Pioneer mining district can lie only 
roughly estimated. According to the reports of the Director of the 
Mint. the output from lts7t+ to the end of lWi' has IHVII ahont To.i'oo 
ounces of gold and Si.oOU.OOO ounces of silver. It is estimated that the 
value of the entire output, including the base metals, lies somewhere 
between $8.0iK).UOO and £lo.<XR».00<>. By far the greater part of this 
has been silver. 

CLIMATE AND VEGETATION. 

The climate of Rico can be descrilwd only in general terms, as there 
are no meteorological data available. The winters are less severe 
than at Silvcrton. which lies in the heart of the neighboring San .luan 
Mountains, but are nevertheless characterized bv heavy snows, which 
may begin in September or October. As most of the Rico mines arc 
below timber line, the danger from snowslides is less than in the 
higher and more rugged regions of the San Juan. The summers, as 
might be expected at altitudes ranging from about 8.50O to li'.tioo feet, 
arc pleasantly cool, and in normal years thunder showers are of fre
quent occurrence in July and August. 

The mountain slopes are well covered with aspens, spruce, and 
balsam iir up to a timber line varying from 11,500 to 12.000 feet in alti
tude. The aspens are particularly abundant on the lower slopes, often 
•forming a luxuriant second growth upon the site of earlier aspen 
woods which have been cut away. Both spruces and aspens are used 
for mine timbering, the aspens being valuable on account of their 
proximity to most of the mines and the rapidity with which new trees 
spring up to take the place of those felled. 

Among the smaller shrubs, the wild raspberry flourishes abundantly 
and becomes laden with fruit in August or September, while through 
early summer the usual wild flowers common in Colorado at these 
altitudes bloom in gay profusion. 

TOPOGRAPHY. 

As fully described by Cross and Spencer in their paper already 
referred to* the compact cluster of peaks known as the Rico Mountains 
is the remains of a much dissected structural dome rising above the 
Dolores Plateau.. To the west this plateau, which near the Rico 
Mountains has an elevation of about 9,400 feet, stretches away into 
Utah. On the north, east, and south the original horizontal plateau 
structure has been somewhat modified by the elevation of the Wilson, 
San J uan, and La Plata mountain groups, and of the Rico Mountains 
themselves. The Dolores River crosses the Rico dome from north to 
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south. :ind through erosion by this stream ami its tributaries the Rico 
dome, traversed by numerous fault fissures, lias been carved into ]ieaks 
and canvons. The highest of these peaks is Blackhnwk. with an ele
vation of li».t>77 feet. The lowest point in the district covered by the 
map is about 8.600 feet, near the mouth of Spruce Gulch. 

While the topography is thoroughly mountainous it is by no means 
of so rugged a character as that of the San Juan Mountains. The 
comparative smoothness of the wooded slopes about Rico is largely due 
to the remarkable extent to which landslides and accumulations of 
surface wash have buried and cloaked the lower slopes of the moun
tains. Inspection of the geological map (PI. XLI) shows how almost 
the entire eastern slope of Expectation^Mountain, the western slopes 
of ('. II. (J. and Newman hills, and many smaller areas are covered 
by surticial material. 

GEXEItAI. GEOLOGY. 

The geological strncturc and history of the Rico Mountains have 
been admirably treated by Cross and Spencer in the rejiort already 
cited. The reader is referred to that work, and particularly to the 
terse outline, by Mr. Cross which forms the first chapter, for an 
account of the general geological features, knowledge of which is 
presupposed in the discussion of the ore deposits. But in order that 
the present report may not be wholly unintelligible in the absence of 
its companion paper, the following outline sketch has been prepared 
from the latter. 

The accompanying geological map (PI. XLI) includes but the cen

tral portion of the Rico "special area," of which a complete geological 

map may be found in Cross and Spencers paper.1 

The Rico Mountains are structurally determined by a local, dome-like 
uplift of originally nearly horizontal strata.3 This uplift was due in 
minor part to the intrusion of masses of molten igneous rock, chiefly 
monzonite and monzonite-porphvry, in the form of sills, stocks, and 
dikes. But the greater portion of the elevation was effected by later 
upthrust and faulting. From north to south the dome is about 12 
miles in diameter, and from east to west about 15 miles. The original 
vertical extent of the uplift is estimated at about 4,500 feet. This 
structural dome is now traversed from north to south by the Dolores 
River, and has been deeply eroded, particularly in its central portion, 
resulting in the present topography. 

The rocks involved in this uplift range from Algonkian to Jura-
mas, the older being exposed in the central part of the area and the 
younger on its periphery. The Algonkian rocks consist of quartzites 
and schists, exposed just north of Rico and in the canyon of Silver 
Creek. They appear as fault blocks, in the heart of the dome, thrust 

• Lac. dt.. PI. XXII. • Ibid, F1.VUI. 
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up from IM'IOW inr<> tin- later bod>. Rock* of Devonian age HJV rep-
resented by massive limestone (the Ouray limestone i and an underly
ing' quartzite. Tin- former is exposed at the north end of the town 
of Rico and is mueh metamorphosed. The quartzite is «.een in-hut 
few outcrops, and its hase is nowhere revealed. 

Above the Ouray limestone lies a thick series of sandstones, shales, 
and limestones, which pass up without any apparent unconformity 
into the .Juratrius. This series is not readily separable into natural 
divisions on lithologieal grounds alone, but by the aid of certain fos-
siliferous beds Cross and Spencer have succeeded in dividing it into 
formations referable to different geological periods. 

The beds immediately nbove the Devonian are l"pper Carbonifer
ous. and have been named the Hermosa formation. This formation 
has been further subdivided into a lower member of shales, sandstones, 
and subordinate limestones, a middle member, prevailingly limestones, 
and an upper member of shales and limestones. The middle member 
of the Hermosa i- conspicuously represented in the cliffs of grav lime
stone which rise behind Newman Hill. The lower and middle 
meml»ers are mapped us a unit and indicated by a single color. -The 
entire thickness of the Hermosa is altout l.Soo feet. 

Above the Hermosa lies the Rico formation, belonging to the Pormo-
C'arboiiiferous. and consisting of coarse arkose sandstones, shales, and 
sandy, impure limestones. The prevailing color of these beds is dark 
maroon or chocolate, while the dominant tint of the Hermosa is gray. 
The base of the Rico lies a few feet above a sandy and very fossilifer-
ous limestone containing ]' imdi»a cylindrica, which is almost at the 
top of the Hermosa. The formation has a total thickness of al>out 30b 
feet. 

Succeeding the Rico is the Dolores formation, included in the Jura-
trias. but probably corresponding to the Trias. It consists of sand
stones, conglomerates, and sandy shales and limestones, prevailingly 
brick-red in color, and aggregating 1.600 feet in thickness. These are 
in part the familiar "Red Beds" of the Rocky Mountain region. 

_ Oveiljing the Dolores is the La Plata formation, presumably Jurasr 
sic, consisting of two thick beds of light-colored •sandstone separated 
by a thin bed of limestone. Its aggregate thickness in this region 
varies front 250 to 50b feet. 

The La Plata is in turn succeeded by the McElmo beds, composed 
of variegated reddish and greenish shales and sandstones. The Mc
Elmo formation is regarded as Jurassic and is the vouugest strati-
graphic unit involved in the structure of the Rico dome, which is now 
preserved within the area described. 

The last two formations occur only near the edges of the Rico area 
and contain no important ore deposits. All of the beds nbove the 
Devonian conform geuerally to the domical structure, dipping away on 
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all side from the geographical center of the uplift, which corrcs|H>nds 
approximately ti> the town of Rico. 

The foregoing sedimentary formations were intruded at an early stage 
of the uplift by numerous igneous musses in the tonus of stocks, sills, 
and dikes. The intrusive magma solidified as monzonite or monzonite-
porphyry. The occurrence of the stocks is well illustrated by the 
eruptive masses of Darling ltidge and Calico Peak. The sheets, or 
sills, and dikes are most abundant in the rocks of the Dolores forma
tion. particularly near the head of Horse Creek. 

After the igneous rocks had solidified the dome was further deformed 
by extensive faulting, the displacement in some cases exceeding l.MUO 
feet. The more important faults are indicated upon the geological 
map and are fully ({escribed in Cross and Spencer's report. 

The later geological history of the region has lwen one of erosion 
and landsliding on an extensive scale, both of which closely connected 
processes have had an important influence upon mining developments. 
Although the landslides have obscured the relations of the ore bodies, 
erosion, on the other hand, by caning out the present mountains and 
canyons, has revealed the existence of the ores and rendered possible 
their exploitation. 

PRELIMINARY OUTLINE OF THE ORE DEPOSITS. 

The ores of the Rico district show unusual variety in their occur
rence as regards both form and genesis. To classify them strictly 
and consistently, in accordance with either shape or origin, would be 
difficult and -for ordinary purposes confusing. The units of such 
classification would, in many cases, be not ore bodies, but parts of ore 
bodies. It is proposed in this report to treat the deposits under four 
general heads, namely: (1) lodes. (2) blankets (Ln<jmju)uje% or bed 
veins, of von Cotta. in part), (3) replacements in limestone, and (4) 
stocks. This is confessedly and obviously a rough grouping for con
venience and clearness of treatment, arid is not intended as a scientific 
classification. 

Under the first head will be described simple or complex fissure 
veins, usually nearly vertical, which when they occur in sedimentary 
formations cut across the planes of bedding. They are fractures or 
fissures in the rocks, which have been afterwards filled with ore or 
valueless vein matter. 

Under the second head will be treated various deposits usually more 
nearly horizontal thari vertical, and lying parallel to the planes of 
bedding or to the surfaces of intruded sheets of igneous rock. These 
are the deposits locally known as " contacts." This term, used in a 
sense that has no necessary connection with its true geological meaning, 
has unfortunately found its way into literature,1 and has been so 

i Parish, loc. ciL, uses the word "contact" in quotation marks, but Kickard, loc. ciL, provides no 
such saieguard against confusion. 
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universally adopted by the minors that it is difficult to altogether avoid 
its use. Wherever employed. however, the word will lie placed in 
ijuotatiun marks, indicating its true standing a* miner*' vernacular. 

ruder the third heatl will he considered those deposits, often irreg
ular in form, whieh have resulted from the metasomatic replacement 
of limestone hy ore. 

List 1 v. under the fourth head, will IH> noticed a few small ore 
bodies often referred to as chimneys." of which the Johnny Bull is 
the principal example in this region. 

& -will be shown later on that no sharp distinction exists between 
these various deposits. Lodes of flat dip may pass into bedding faults 
alone weak strata, producing breccias which, when mineralized, arc 
classed as blankets. The mineralization of such a breccia, particularly 
if the material be calcareous shale, is likely to be largely by metaso
matic replacement, producing a deposit closely akin to those resulting 
from the simple replacement of limestone. Moreover, the ore bodies 
groupefi under the second and third heads are always intimately con
nected with fissures or lodes whieh may or may not be themselves 
productive. 

The greater part of the product of the district has eome from the 
blankets. Some of the lodes have proved rich.-but their value has 
invariably fallen below the limit of profitable working at a remarkably 
shallow depth, which generally bears a constant relation to smite over
lying blanket with which the lode or lodes eonneet. Some important 
bodies of ore have also been formed by direct replacement of limestone. 

The bulk of the ore has l»een found in the Carboniferous sedimen
tary series, particularly that portion of it known as the llermosa 
formation. This is nearly equivalent to saying that most of the ore 
has eome front the central portion of the district, in the heart of the 
domical uplift of the Rico Mountains. 

The ores consist primarily of galena, often highly argentiferous and 
associated with rich silver-bearing minerals. In many deposits more 
or less complete oxidation of the primary ores has taken place, result
ing in pulverulent earthy ores, often very rich in silver. 

DISTRIBUTION' OF THE ORES. 

In all probability more than half of the ore produced in the Rico 
district has come from Newman Hill. This name is applied.to the 
slopes immediately south and east of Rico, constituting the western 
flank of Dolores Mountain. Newman Hill may be considered as 
bounded on the north bv Silver Creek, on the west by the Dolores 
River, on the south by Deadwood Gulch, and on the. east by the cliffs 
formed by the massive bed of limestone characteristic of the medial 
division of the Hermosa. On this slope, which is deeply covered with 
surface wash, are the Enterprise, Rico-Aspen, Newman. Union-Car
bonate, and other mines, in which the ore occurred parti}" in lodes 
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and part I \ in blankets. Of the hitter the principal one is loeally 
known as the Newman Hill, or Enterprise. "contact." 

Also on the east side of the Dolores River. Init north of Silver 
Creek, is Nigger Baby Hill, a spur of Telescope .Mountain. This hill 
has been productive since 1S75». The ore occurs in oxidized form in 
lodes, which in their tipjier portions possess so Hat a dip as to consti
tute essentially blanket deposits. 

C. II. C. Hill lies immediately north of Nigger Bahv Hill. It is 
a landslide area, honeycomlied with workings, from which much ore 
has been taken. The ore. largely oxidized, occurs in blankets, the 
continuity of which has lieen greatly broken by landslide movements. 

Erom the three hills mentioned has come the greater part of the 
Rico ore. There are. however, several important outlying deposits. 
The most prominent of these is in the Blackhawk mine, between 
Silver Creek and Allvn Gulch, where the ore occurs oxidized in a 
lode and as sulphide replacement deposits in massive limestone. 
Another example is the l'uzzle mine, on lIor>e ( reck, about three-
quarters of a mile from its mouth, where the ore also occurred replac
ing limestone. The .lohntly Bull mine, on Johnny Bull Mountain, 
near tjie head of Horse Creek, has also produced some ore. 

The entire basin of Horse Creek and the eastern slope of Expecta
tion Mountain are dotted with prospects, many of which have pro
duced small quantities of ore, but nearly all are now abandoned. 

By reference to the geological map (PI. XLI) the preponderance of 
the important ore bodies occurring in the Hermosa. particularly the 
Lower and Middle Hermosa, will be evident. Near the periphery 
of the dome, where the Jurntrias sediments now constitute the sur
face, no large ore bodies have been found. The Johnny Bull, it is 
true, occurs in these rocks, but the ore body, although at one time 
giving rise to considerable excitement, proved to be little more than 
a pocket. 

MINERALOGY OF-THE ORES. 

The ores of the Rico district present few noteworthy or peculiar 
mineralogical features, and need receive but brief treatment under 
this head. The bulk of them may be roughly divided into (1) pyritic 
ores, usually of very low grade, and (2) argentiferous galena ores, 
sometimes containing rich silver minerals. The former constitute the 
characteristic vein filling of most of the lodes, and also occur in many 
of the blankets and other deposits. The latter form the workable 
ore bodies, deposited under various specially favorable circumstances 
of concentration. The two kinds of ore are not capable of sharp 
mineralogical or commercial distinction, and arc not necessarily of 
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The minerals occurring as a direct result of the general proc^e- ,,f 
mineralization may he classed as ore minerals and gangue minerals. 
Among the former are included allot the so-culled metallic mineial-. 
whether or no they actually constitute ore in the commercial sen-e. 
Under the latter are embraced those nonmetallic mineral*. >uch a* 
quartz. which commonly serve as matrix tor the valuable ore con

stituents. 
ORE MINERALS. 

1'itrlfc is bv far the most abundant ore mineral in tin district. 
Associated with quartz ami small amounts of ehaleopyrite. >phalcrile. 
and "ulcnu. it constitutes the practically worthless tilling of most of 
the lodes. It is found in large blanket-like masses, free from gangue. 
in C. II. C. Hill. In similar musses.'but. usually in more solid con
dition. it is abundant as a replacement of limestone. This is the mode 
of its occurrence in the Hlackhawk mine, when* it is frequently 
associated with fluorite. and grades by increase of ehaleopyrite and 
<.ralcna into workable ore. Although commonly containing small 
quantities of silver and cold, the pyrite has hitherto proved too low 
in ci-ade for successful treatment. Kickard 1 records that the pyrite 
from the northwesterly lodes in the Enterprise mine usually afforded 
011 assay from 4 to.s ounces of silver and traces'of cold. In the (iold 
Anchor prospect in Hull Basin, a la fee body of pyrite was found 
which is said to have indicated, in single assays, as much as !«i jmnrcs 
of cold per ton, but which as a whole did not pay the cost of extinction. 

Galena, a very important ore mineral, occurs abundantly in the 
Enterprise blanket and in most of the bodies of unoxidized ore that have 
been worked in the district. It is idways argentiferous, but appar-
entlv does not constitute rich ore unless accompanied by argentitev 
tctrahedrite (freibergite ?). proustitc. or polybasite. as is the case in the 
Newman Hill mines. On the other hand, it nowhere occurs in suf
ficiently large masses to be workable for its lead alone. It presents 
no unusual peculiarities in this region, and is. as elsewhere, nearly 
always accompanied by sphalerite. 

Sphalerite, or zinc blende. i> an abundant constituent of the rich 
ores of Newman Hill, which sometimes contain over 15 per cent of 
zinc. Its common associates in these ores are galena, ehaleopyrite. 
rhodochrosite. and quartz, and it occurs both in the northeasterly lodes 
and in the blanket. It is also found in massive granular form, asso
ciated with a little ehaleopyrite, galena, and fluorite, in the Blacks 
hawk mine, where it makes up a considerable part of the large 
replacement bodies in limestone. In the Atluntic Cable claim it 
occurs in coarsely crystalline noclular masses, associated with chlorite^ 

1 Luc. cil., |>. Mil. 
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spceulurito. ehalcopyrite. and galena. in limestone. This sphalerite is 
dark brown. while that in the Newman Hill veins is usually rosin eol-
<>ml. It is also abundant in the Sambo mine, and in the Bancroft and 
Lily H. prospects, associated with galena. The occurrence of sphal
erite has hitherto been purely an objectionable feature in the ores, 
owing to the (tenuity attached by the smelters to ores containing!' over 
lo per cent of zinc. Hut in lWb experiments were being made to 
determine the feasibility of working some of the sphaleritie ores for 
zinc alone, and in 1001 zinc ore was l>eing extracted in commercial 
ipiantities from the Atlantic Cable and Bancroft claims. 

('Itnlri,j>i/r!tf. or copper pyritc. is not. very abundant in the Rico 
district, although nearly always present with galena and sphalerite in 
the workable ores. Associated with pyritc, fluorite, and some finely 
granular galena and sphalerite, it formed some of the best ore in the 
Blackhawk replacement bodies, where it often occurred in fine con
centric or irregularly curved, narrow bands. It is present in small 
quantity in the blanket and lode ores of Newman Hill, in the Silver 
Swan. Aztec, and Atlantic Cable prospects, and in many other lodes 
and blankets throughout the district. 

T- tniliKilritc. or gray copper ore. occurs in the rich blanket ores of 
the Enterprise and Rico-Aspen mines and in some of the northeasterly 
lodes. It is a valuable constituent on account of its argentiferous 
character. It is here associated with sphalerite, polybasite, galena, 
rhodochrosite, and quartz. It also occurs in these mines in ore 
replacing gypsum, the gangue in such cases being partly the trans
parent crystalline form of gypsum known as selenite. Small amounts 
of tetrahedrite are found replacing sandstone in the Gold Anchor 
prospect in Bull Basin. It is probably present also in the Aztec lode, 
with chalcopvrite, and may have formed part of the Johnny Bull ore. 
A small pocket of tetrahedrite was extracted from the Iron lode, but 
the mine«l apparently does not occur in the replacement deposits of 
this miirc. A little occurs also, with quartz, in the Eureka, a prospect 
near the head of Iron Draw. It is nowhere abundant, and is generallv 
indicative of high-grade ore, although the latter is not necessarily 
present in large amount 

Specularite, the crystalline variety of hematite, occurs abundantly 
in several mines and prospects in the metamorphosed Devonian beds 
near Rico. Among these may be named the Iron Dollar, Eighty-
Eight, Atlantic Cable, Shamrock, and Smuggler. It is closely asso
ciated with chlorite, epidote, garnet, and wollastonite (and perhaps 
vesuvianite), as well as galena, sphalerite, and chalcopyrite, and its 
formation was evidently connected with the metamorphism of the 
Devonian limestone. It is of no value as an ore in this region, but 
has been sometimes mistaken for sphalerite. 

Magnetite has been mined in small amounts for fluxing purposes 
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from tin- Magnet prospect on the norili side o| Iintr Ridge. and 
from tlic Eagle prospect near the head •>! Sulplitir (.'reek. It occur-
massive, with a little ehaleopyrite. replacing limestone. It may eon-
tain lialf an miner of silver and ¥*J in gold per ton. Some magnetite 
oeeurs in the Atlantic Cable elaim. with s|M'ciilarite. 

A n t r u l i t . . / i f H x i i t r .  •. and perhaps xt./dianiti. occur in the 
rich blanket and lode ores of Newman Hill. They were evidently 
anions the last ore minerals to form, and to them was mainly due the 
richness of these deposits. They are almost invariably found in vug-
in the more solid ore. and when present in the lodes occur alone the 
medial plane of the vein 111 the spares left by the comb structure of 
the quartz and other minerals. Argcntite is found in black, rounded 
masses. suggestive of particles of shoemaker's wax. which have soft
ened and fitted themselves to the interstices between the earlier crys
tals. Polvbasite and proustite also occur in vugs. but in implanted 
crvstals of the forms characterizing these minerals. Steplianite was 
not identified at the time of visit, but ii- occurrence has been reported 
by Farish.1 who also mentions pyrargyritc. These rich silvcr-liearing 
minerals Were not seen elsewhere hi the district in but argen-
tite is said to have.occurred in the Puzzle mine, in a quurtzose gangue. 
replacing limestone. 

Xatii'r.siln r is reported from the Enterprise anil Puzzle mines, but 
none was seen in li'UO. It was proliablv a product of oxidation. 

Fri-c ijold is rarely detected in the Rico ore deposits. Some is said 
to have been found associated with sphalerite and ehaleopyrite in the 
Enterprise, mine, anil some embedded in rhodoehrosite in the Eureka 
vein of the same mine. A little free cold has also been found in pros
pects near Calico Peak, but none was seen in "place. The ore of the. 
Johnny Bull mine contained considerable cold, with tellurium and 
traces of bismuth, but it is not known whether any of the gold 
occurred native. Gold, associated with a little niolybdenum, occurred 
in the Uncle Remus mine, but whether free or not can not now be 
ascertained. 

Native copper was noted only in the; California prospect near the 
head of Iron Draw, as small crystalline sheets or skins iD the country 
rock. ' ' 

gangue minerals. 

Quartz is by far the most abundant gangue mineral in the region. 
It is nearly always associated with pyritc and constitutes the common 
filling of the lode fissures. Although usually present in the work
able ores, it is there associated with other gangue minerals. The lode 
quartz shows no special features peculiar to this region and demands 
no detailed description. In the form of jnsperoid3 (a cryptocrvstalline 

1 Loc. cil.. p. 161. « See J. E. Spun, lion. U. S. Gcul.'Survey Vwl. XXXI. 1898, p. 219. 
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uggrcgutc commonly a»ociutcd with replacement deposits) quartz 
occurs in the Blackhawk mine, in the Atlantic Cable claim, and iti 
the blanket of the Sambo mine. In the Blackhawk mine. also, arc 
found spongy. cavernous masses of rusty quartz, apparently due to 
the removal of limestone, by solution, from a network of quartz 
stringers (PI. XXVIII. A). Quartz is abundant in some of the blanket 
breccias as a replacement of the breceiated material. In the case of 
the nearly black Ilermosa shales, many of the fragments are still 
recognizable as dark patches in the white quartz, although the micro
scope shows that they have been altered to cryptocrvstaHine quartzose 
aggregates. In the main blanket of the I'nion-Carbonate mine, frag
ments of nioiizoiiite-porphyry have been more or less completely 
transformed into very spongy masses of white quartz, sometimes con
taining pyrite. A somewhat similar silieification of porphyry has 
taken place alongside the lode fissures of the .Mohawk and Marriage 
Stake prospects, in Ilorse Gulch. In these cases, however, the 
resulting siliceous skeleton still preserves in a measure the original 
porphyritic appearance of the rock. 

the carbonate of manganese, is present in the rich 
upper portions of the northeasterly lodes of Newman Hill and in the 
Enterprise blanket. Its delicate pink color makes it easily recogni
zable. and it is important in these mines as a rough indication of good 
ore. It occurs massive, often irregularly but beautifully banded with 
the quartz and ore of the lodes. It does not. us fur as known, occur 
in this region in the large well-formed rhombohedral crystals which 
characterize it in some other localities. A little residual rhodocbro-
site was noted in the oxidized Little Maggie vein, at the Blackhawk 
mine, but it is not generally abundant outside of Newman Hill. Some 
of the '"spar" veins in other portions of the region have a slight 
pinkish tint, however, and decompose in part to black oxide of man
ganese, showing either that some of this mineral is present, or that 
the "spar*' is manganiferous. 

Calcite, or the common "spar" of the miners, is abundant in the 
veins of Nigger Baby Hill, where it takes the usual place of quartz 
as the principal gangue mineral. It is generully finely crystalline, 
more or less impure, and often resembles ordinary limestone. It is 
always manganiferous, and readily undergoes decomposition, whereby 
the calcium carbonate is largely removed and a soft black mass of 
oxidized manganiferous ore left behind. Calcite is naturally often 
present as gangue in the replacements of limestone by ore. 

Fluorite, or fluorspar, is not of widespread occurrence in the Bico 
ore deposits, but is abundant in the displacement ore bodies of the 
Blackhawk mine and in the Fortune and Duncan prospect north of 
Silver Creek. In the Blackhawk it forms the gnngue of pyrite, 
chalcopyrite, sphalerite, and galena in the large pay shoot outcropping 
at the surface near the bunk house. It is pale lilac, pink, or color-
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less, and easily recognized by its hardness and cleavage. In the For
tune and Duncan it constitutes the gangue of a low-grade pyritic ore 
occupying a breccia zone between quartzite and limestone. It is 
nearly colorless, with slight pinkish and greenish tints, and forms 
with pyrite and chaleopyrite a friable crystalline aggregate. A small 
quantity of fluorite also occurs in the. Hibernia tunnel. 

(iy/man. occurs as a gangue mineral, so far as observed, only in 
those ores which have replaced massive gypsum in Newman Hill.. A 
portion of the gypsum has in such cases- recrystallizcd as transparent 
plntes of selenite. 

Barite is not known in this region as the gangue of any workable 
ore body. It occurs, however, on a claim adjoining the Aztec mine, 
in a vein supposed to be the same as that worked in the latter mine. 

Chlorite occurs abundantly as a gangue for sphalerite, chaleopyrite 
and spccularite, in the Atlantic Cable and other prospects in the 
Devonian limestone. It is cryptocrystaUiiie and massive. 

Kaolinite and fericih- arc not abundant in this region, and can 
scarcely be considered as gangue minerals. Some of the former min
eral. however, occurs associated with the on- in the Johnny Bull mine, 
while sericite is found in connection with the C. II. C. Hill blanket. 

PAR AGENESIS. 

By j)araf )tn t«it> is here meant the association of the various ore and 
gangue minerals, with special reference to the mode and order of their 
formation. 

Although these minerals, as indicated in the preceding section, are 
commonly found in more or less characteristic association, no constant 
and regular order of deposition has liyen discovered. Careful study 
of the banded veins of Newman Hill has failed to show that this band
ing can lie explained by any simple depositional sequence of the com
ponent minerals. Each mineral has evidently been developed at many 
different times during the^whole period of mineralization. The only 
generalizations which it appears safe to make are that, in Newman 
Hill the rich silver ores, proustitc, argentite, and polybasite, were the 
lost ore minerals to form in the northeasterly lodes and in the Enter
prise blanket, and that there was deposition of practically barren 
quartz and a little pyrite, which was also subsequent to the formation 
of the galena, sphalerite, and rhodochrosite. Whether this barren 
veining preceded, followed, or coincided with the deposition of the 
rich silver minerals, is not known. It is supposed to have followed it. 

PRODUCTS OP OXIDATION OR WEATHERING. 

The access of surface waters to the upper portions of many of the 
lodes and to some of the blankets and replacement ore bodies has 
resulted in a variety of products, many of them earthy and of obscure 
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mineralogienl character. Tin- rather thorough oxidation of the shat
tered pvritic blankets of C. 11. Hill has given rise to great massif 
of limonitic iron ore. sonietitnes containing {fold and silver, but usually 
of no value. Associated with this are earthy lead sulphate, pulverulent 
hydrous silica, jarosite (hydrous sulphate of irou and potash), sericite.-
halloysite. gvpsum (derived from limestone bv sulphate solutions from 
oxidizing pyrite). silver in unknown combination, and probably many 
other minerals, lit Nigger llnbv Hill the decay of the ealcitie veins 
to a depth of some 200 feet has resulted in soft, black, earthy ores con
sisting largely of hydrous oxides of manganese and iron, obscure 
hydrous compounds of alumina, carbonates of copper in small amounts, 
and silver, lead, and zinc in unknown conditions, probably in part as 
carbonates. Similar products have resulted from the alteration of a 
lied of impure limestone in the Forest-Payroll mine. In the Puzzle 
mine tin; argentite is stated by Purington1 to have been partly altered 
in native silver and to embolite. the chlorbromide of silver: and on 
the M. A. claim. adjoining the Puzzle, in a shaft now inaccessible, 
was found a soft mass of pile-blue allophane (hydrous silicate of 
alumina) and kaolinite in a cavity dissolved in the limestone. 

Although not strictly a product of oxidation and weathering, it may 
be well to mention in this place the pulverulent gray mixture of dolo
mite and celestite which has remained as a residue after the solution 
of the gypsum of Newman Hill. 

OCCURRENCE OF THE ORES. 

DEFINITIONS. 

While it is undesirable in a report of this character to enter at 
length into the complex subject of the classification and nomenclature 
of ore bodies, it is essential to clearness of presentation that the mean
ings of such terms as are used in the description of the Rico ore 
deposits should be clearly understood. The following definitions are 
intended to make plain the terminology adopted in this paper, and 
need have no' currency outside of its pages. 

Fissure vein is used as von Cotta defined it—the filling of a fissure. 
Lode is applied as a more comprehensive term, and maj' mean either 
a simple fissure vein or a complex assemblage of closely spaced veins 
or stringers, sometimes including a certain proportion of mineralized 
country rock occurring alongside of and within the fissure zone. A 
lode is roughly tabular in form and when occurring in sedimentary 
rocks cuts across the beds at an appreciable angle. It is usually more 
nearly vertical than horizontal. That portion of a vein or lode which 
consists of workable ore is termed a. pay shoot. 

The word blanket is used to designate a zone or lens, composed of 

i Unpublished MS. 
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mechanically or chemically disintegrated material, lying parallel to the 
bedding of the sedimentary series within which it is inclosed. Such 
a mass is always referred to as a "contact" by tin- miners of Kico. 
In contradistinction to a lode a blanket is usually more nearly hori
zontal than vertical. The material of a blanket is normully soft as 
compared with the rocks which immediately overlie or underlie it. In 
most cases its unconsolidated character is due to the brcccintion or 
chemical alteration of a bed which cither was originally intrinsically 
weak or has been placed in such circumstances as to become disinte
grated. Various blankets will be deserilted. due to different combi
nations of causes, from simple hrmMution of a weak stratum bv a 
bedding fault to chemical decomposition without mechanical aid. 
Blankets are sometimes overlain or underlain by sheets of igneous 
rock which have heen intruded earlier into the sedimentary series, 
and which, so far as the blankets are concerned. l>ehuve as massive 
irregular beds. 

Blankets are frequently mineralized and contain bodies of ore which 
may or may not be coextensive with the blanket itself. Such ore 
bodies will be termed JHU/ shunts. as in the ease of lodes. 

R,-ftluf in. at mi h'xliis in Jiunxtinii require no special definition. 
They embrace those ore masses, often of irregular form, which have 
molei-ularlv replaced the limestone through the process known as 
metasomatism. 

Sluris are those ore bodies commonly referred to ns "chimneys." 
They are more or less solid masses of ore. roughly circular in plan, 
with their longest dimension nearly vertical. Their formation, while 
usually initiated by two or more intersecting fissures, is accompanied 
bv considerable metasomatic replacement of the country rock. 

LODES. 

FISSURE SYSTEMS. 

Partly on account of the oxidation of their upper portions, but more 
largely through the concealment of their outcrops by landslides and 
wash, the lodes of the Rico district are very poorly exposed on the 
surface. Furthermore, as will be shown later, several of the lodes 
never did extend to the surface. These conditions make a comprehen
sive study of the fissures, with reference to the area as a whole, very-
difficult. Certain groups of fissures, such as those in Newman or 
Nigger Baby hills, may, through the aid of underground workings, be 
studied in some detail, but the identification or comparison of the 
fissures of any such local group with those of another group is rarely 
satisfactory. Such comparisons usually bring out marked differences, 
but the transitions connecting these differences-are nearly always con
cealed from view. 

The distribution of the lode fissures is closely connected with the 
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general geological structure of the district. They are most abundant 
in the cent ml portion of the area and decrease in number and impor
tance toward the periphery of the dome-like uplift of strata from 
which the Kieo Mountains have been carved. The most important 
fissures are undoubtedly those of Newman Hill. Second in number 
and productiveness are those of Nigger Baby Hill. Other notable 
fissures are connected with the great dislocation known as the Black-
hawk fault. Some of these seem to have played an important part 
in the mineralization of (J. II. (J. Hill, but so disturbed and buried 
are they by landslide material that any thorough study of them is 
impossible. Many other lode fissures occur in Horse (illicit and on 
Expectation Mountain, but they are poorly exposed and none of theui 
have proved of great importance as ore-bearing lodes. 

The principal fissures of Newman Hill fall into two classes, distin
guished by their strikes or trends, and by the character of the veins 
which fill them. The fissures of the more im]H>rtant class are char
acterized by strikes varying from about N. 25 E. to N. ii.">" E. They 
are locally known as ••verticals'" or "pay veins." but will be referred 
to in this report as unrfhcttstcr/i/ fissures. These are occupied by 
the ore-bearing lodes of Newman Hill, such a> the Swansea.'Kitchen. 
Enterprise. Song-bird. Hiawatha. Eureka. .lunibo No. g. Jumbo No. 3. 
Chestnut. Klingender. Montezuma. Selenitic. Star, and other veins. 

The second cla» of lode fissures encountered in Newman Hill is 
characterized by strikes ranging from'nearly north ami south to about 
N. 45 - W. The fissures correspond to the *" barren veins" or "cross 
veins" of the Newman Hill miners, but will l>e referred to in this paper 
simply as northn^st.-rh/ fissures. They arc not themselves ore bearing, 
although, as will be shown later, they exercised an important influence 
upon the deposition of ore in an overlying blanket. Some idea of the 
disposition of the two sets of fissures may be gained from PI. XXIX, 
compiled from underground workings. 

The northeasterly tissuresare usually clean, simple fractures, nearly 
vertical, or dipping southeastward at high angles. They range in 
width from a mere crack up to 2 or 3 feet; but a width of IS inches 
is rare, and the average is probably not much over 6 inches. They 
traverse sandstones, shales, and limestones belonging to the lower 
division of the Hermosa formation. These beds dip somewhat east of 
south at a general angle of from 10 to 15 degrees. The fissures were 
originally opened by normal faulting, of which the known throw has 
in no case exceeded 10 feet, and is usually much less. 

The fissures are limited above by the main Newman Hill blanket, 
commonly known us the. '"contact." At a carving distance below it, 
usually less tliun 20 feet, the fissures begin to split up into smaller 
fractures (fig. 43). This division into countless small irregular fissures 
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i< particularly noticeable within u series of shsilcs and very thin-bcddcd 
saiaUioncs which underlie the blanket. Some tissiires are known nlmvr 
the blanket, but they contain no ore and can not IH> identified with 
those below it. 

The conditions which limit the northeasterly fissures in length are 
not well known, as apparently none of the lodes have been worked to 
the point of disappearance. Toward the southwest some of the more 
continuous ones probably reach and are cut off by the I Vndwood fault. 
Toward the northeast the fissures very likely die out before Silver 
Creek is reached. Several transverse faults are known to intervene 
between the workings of the Knter-
prise mine and Silver Creek, but in 
spite of these the productive north
easterly fissures should have been 
recognized in the Onatuo. Pro Patria. 
Fickle Goddess, or Hibcmiu tunnels, 
did the}" preserve their strength and 
regular character northward. Sev
eral northeasterly fissures are cut in 
the tickle Goddess and Pro Patria 
tunnels, but thev show no resem
blance to the productive loch's farther 
south. It is probable that the prom
inent northeasterly fissures known in 
the Enterprise, Newman, and Rieq-
Aspen mines do not persist across the 
thick intrusive sheet of monzonite-
porphyry which rises up over the 
northern slope of Newman Hill (see 
PI. XL1). and in which is sunk the 
Skeptical shaft. They either die out 
before reaching it or are deflected 
into other courses. 
— v  >  r r c e r  
1 he most persistent and regular of Fl0.4o._c ,oss secuo„ of  jumu.  s., a wmc. 

al l  the Newman Hill fissures is that norlh breast ,  in termediate  icvd,  Kmerpr ise  

worked for a distance of over 3.000 mme 

feet under the names of the Eureka, Stephens, and Syndicate veins. 
On the north this fissure joins the Jumbo No. 3 fissure, which, from 
the supposed junction point northward, has the direction of the 
Eureka lode and not of the Jumbo No. 3 proper (see PI. XXIX). 
This Jumbo No. 3-Eureka fissure continues northeastward to the 
limits of the Enterprise ground, splitting near the breust into a 
sheeted zone (fig. 40) carrying rather low-grade ore. 

None of the northeasterly fissures have been explored to great depth, 
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Imt tin- section afforded l»v the Lexington tunnel. about 4">u foot lx-low 
tin-Nt-wiiiun Hill hiunkct, .-hows that the fissures an- smaller at this 
doptli than in the workings almve. 

The northwesterly fissure- of Newman Hill are more abundant than 
the northeasterly. Hut owing: to the fart tnat they eontain no work
able ore they are seldoit* drifted or. and are consequently not so well 
exposed as the latter. Their dips run-re front vertical to uiiout 4o . 
and may be northeastward or southward, the former lieing more eom-
uniii. The avera-re dip is lower than that of the northeasterly tissures. 

N£ SW. 
Sandstone Banded Quartz 

FIG. 41.—Cro&i section ol the James cross vein, south hrenst ni James drift. Kcu-mnn mine. 

They vary greatly in width, from a mere creviee up to 3 or 4 feet. 
Although often simple fractures, they very frei|ently show more com
plex form, as shown in fig. 41. These fissures appear to have been 
opened by normal faulting, and in some eases are reported to have 
faulted the overlying blanket to the extent of 25 feet throw. Vertical 
displacement to this amount is. however, rather exceptional. More
over. sis will IKS seen later, the structure of the northwesterly lodes 
shows that a considerable part of the observed faulting may have 
taken place since the tissures were first formed. 



BASM.MK : KISSI-RE SYSTKM>. 

]n tin- l iiiini-t arlnnudt' miin-. on tin- northern spur of Dolores 
Mountain, tin- figures show few resemblance- to tln»<- ot the more 
southerly pu t ion of Newman Hill. The productiv<- northeasterly 
fissures art- not developed. Numerous other tissun-s are fomul strik
ing from N. t'.o W. to N". 7.V" W.—that is. more westerly than the 
northwesterly vein- of the Enterprise mine. Fissures of this general 
trend are dominant on the northern slope of Doloic- Mountain, as 
shown in the Union—Carbonate and Forest—Pa\ toll woi kings. 

Parsing beyond Newman Hill, it is found that northeasterly fissures 
are of small importance in other portions of the district. Set oral hate 
been worked at the eastern base of Expectation Mountain, between 
Sulphur Creek and Iron Draw. in the N. A. Cowdrey. lomale. Argo
naut. and Bancroft mines. The strikes of these fissures range from 
Jv. 40: E. to N. tio- E. They are fairly abundant, but small, rather 
irregular, and apparently not very persistent. 

On Nigger Baby Hill the economically important ti-sun-s are north
wester! v in trend; Such are the Hojie. Cro--. (irand \ iew. Pluenix. 
and Butler veins. Near the top of the hill and on the western slope 
the average strike is N. die W. mid the average <bp northeasterly at 
about although the Cobbler vein is steeper. As these fissures are 
followed'''downward their dips are found to im-rease. The Plm-nix 
vein, with dips sometimes us low as'15- in the upper workings, steepens 
to 4o~ in the lower tunnels, or the southern slope of the hill. The 
Cobbler vein is practically vertical on the Phu-iiix No. 1 level, and the 
Butler veins, outcropping still higher up the hill, dip northeasterly at 
about 70° on the Alma Mater level. The strike of the fissures is also 
found to be more westerly as they are'followed southeast, toward 
Silver Creek. The Nellie Bly vein is rather exceptional in striking 
nearly east and west. If, as supposed- by some, it is the same as the 
Grand View vein, it shows a change of course in the latter amounting 
to over 60°. • 

The Iron lode, on the southeastern slope of Nigger Baby Hill, strikes 
N. 16° \Y. and dips easterly at about 75°. Its trend is thus more 
northerly than the majority of the lode fissures 011 the hill. 

The Hope, or Grand View, Cross. Phoenix, and Nellie Bly fissures 
are notable from tbe fact that their strikes are very nearly parallel to 
those of the beds which inclose them, while their dips, although gen
erally slightly steeper in angle, correspond in direction to those of 
the strata. Consequently these fissures cross the- bedding planes at 
a very acute angle, causing the lodes, particularly in the upper part 
of the hill, to closely resemble the form of deposit that has been 
termed u blanket. 

The main fissure, upon which are located the Biackhawk, Argen
tine, and Uncle Ned mines, has a general course of N. 40° W. and 
dips northeast at angles varying from 50° to 80°. The geological 
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work of Cross mid Spencer Ims shown tliat tlii> ti»urc probably con
stitutes a part of :t pronounced zone of faulting which they b.-n f railed 
the Rlaekhawk fault. Tin* same fissure passes under tin- laudslidi> of 
C. H. C. Mill, and proliablv corresponds to thf Pigeon lode. or so-
called "big tissure" of that hilt, and with the C. V. (i. Uuie at Burns. 
It is quite possible also that the A. B. G. hale, on the west side of the 
river, is on a branch of the same fault, for. as the geological map shows, 
it occupies a fault tissure. Details of the Blackliawk tissure are 
difficult to obtain, it is undoubtedly the largest and most persistent 
in the region, attaining in places a width of over 4o feet. It is not 
likely, however, that any OJHMI space, of this width existed at any one 
time. The great width of the lode at certain places is due to the 
passage of a simple fracture into a sheeted zone, and also to re]touted 
reojtenings and fillings along the same zone of fracture. 

Intimately connected with the Bluckhuwk fissure are several 
fissures striking about N. 7«»- W. and falling into the main fissure on 
its northeast side. Such arc the Little Maggie and Alleghany veins, 
the former dipping northeast at almut W» . while the latter dips south
west at about 7U~. Cross and Spencer have regarded these fissures as 
prolmbly structural faults.1 Imt they are small, simple fvarttires which 
have not effected any discoverable faulting of the beds which they 
traverse, dust northeast of them lies a tissure of similar trend, but 
of no economic importance. This, as shown by the geological map 
(PI. XL1), is a distinct fault. 

On the northwestern slope of Telescope Mountain, north of C. H. C. 
Hill, are several northwesterly fissures, usually with steep southwest 
dip. The two upon which are located the Golden Rod and Leap Year 
claims are strong and persistent fractures. 

Northwesterly fissures also prevail in Horse Guich. but they are 
poorly exposed and not at present producing ore. Such tire the fissures 
of the Mohawk, Christina, Belzora, Caledonia. Utah, and other 
unworked prospects. They are prominent also in the Little Leonard 
mine in monzonite on the eastern slope of Expectation Mountain. 

In addition to the Nellie Blv lode fissure (not the Nellie Blv fault) 
on Nigger Baby Hill, which has a low northerly dip, nearly east and 
west, approximately vertical fissures are known in the Lily D. mine, 
on C. H. C. Hill; in the Calumet mine, north of Piedmont: in the 
Aztec mine, in Aztec Gulch; in the California and Zulu Chief mines, 
near the head of Iron Draw; and apparently also in the Eighty-Eight 
mine, on Silver Creek. 

It appears from the foregoing that the northeasterly fissures which 
have proved so productive in Newman Hill are characteristic of but a 
limited portion of the district, comprising .roughly the southern half 
of Newman Hill and that part of the base of Expectation Mountain 

1 Loc.ciu, p.m. 
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lving between Sulphur Creek and Iron l>raw. hissurc».of general 
northwesterly course. <»ii tlu* contrary. arc abundant. iu»t only in 
Newman IIill Init over the entire central portion of the area. Bel ween 
northeastc: Iv fissure.- and northwesterly li-surcs tlio separation i> 
lairlv detinit.-: Init between north westerly fissures on the one hand, 
and east-west fissures, and in a few cases north-south fissures, on the 
other, the distinction i>-less sharp. In the main the fissures are simple 
and of small or moderate size. With a few notable exceptions they 
either show no evidence of having been opened by appreciable faulting 
or else the throw of the fault is small. Thrust faults (i. c.. reversed 
faults) of any importance are not known, and the prevalent dislocation 
has plainly'been normal in character. 

STKUCTUHK AND MATKKIAI. < »K Til K I.OOKS. 

The northeasterly fissures of the southern half of Newman Hill are 
usually occupied by simple fissure veins of handed ore. confined 
between sharply distinct walls of sandstone <ir shale. The general 
appearance of such a vein is shown in 1*1. XX'VIIl. It. from a photo
graph (>f the .luiiibp No. I! vein (Knterprise mine), which at the jwiint 
chosen fbr illustration,lias a width of nearly b feet, but is poor in ore. 
The vein- are usually "frozen" to their walls and the presence of 
{foifjjre.'is'i'lje exception.hither than the rule'.-' 

ThJe vein filling consists of .quartz, rhodochrosite. sphalerite, galena, 
ciialcopyrite. pyrite. together with argentite. proustitc. polylwsite. 
and Other highly argentiferous minerals. These various minerals have 
l>een so deposited "within the fissure as to "five a pronounced but rather 
irregular banding to .the veins, as shown in PI. XXX. which is from 
a section bf thv>.1 umbo No. 3 vein, showing-a" width of !• inches of 
good ore. On fresh exposures the alternating bands, in which rose-
pink rhod()chrosito, white quartz, rosin-yellpw sphalerite, and the 
varices nietallic ihineitals lire present in different proportions, give to 
these .veins a striking and unusual beauty. No orderly or constant 
sequence of mineralogical deposition can he determined from the band, 
iiig. Tsuallv quartz and rhodochrosite, arranged in irregular hands 
and inclosing more or less pyrite, chalcopyrite, sphalerite, and galena, 
occur next to the walls: then follow ribbons in ..Which sphalerite and 
galena predominate: and finally, along the middle of the vein, there is 
usually a zone of comb structure, or vugs, consisting largely of quartz 
and of the high-grade argentiferous minerals. The last are particu
larly abundant in the quartz vugs, which nearly always occur along 
the medial plane of the vein, and sometimes along planes near the wall. 

In most cases the filling of the northeasterly fissures from the walls 
to the medial zone of vugs appears to hnvc l>een a continuous process; 
but in other instances the fissure, after having once l»een filled, has 
been slightly rco]>ened along one or both walls and the resulting space 
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fri'shly tilled. usually with pi-.ictu~.illv bunvn quartz. This i- illus. 
tinted in 1*1. XXXI.iil.su from the Jumbo No. vein. The vein, here 
4A inehes wide. up|>esirs to have undergone two or more successive 
mqietiiiigs. inch to the width of uhout half an ineh. 

Although the northeasterly lodes of Newman Hill are typified hy 
the simple fissure vein, yet they occasionally split up into more com
plex forms, such as sheeted zones or stringer lodes. The transforma
tion of the veins to masses of small, irregular stringers, near their 
junetion with the. Newman Hill blanket. ha- already heen referred to. 
and will lie more fully descrilied elsewhere (pp. gt'o-giU). 

Toward the north the material of the Newman Ilill northeasterly 
veins changes. Such veins as have been followed to the Laura cross
cut (see'l'l. XXXVI) show a notable diminution in the value of their 
contents. North tif the Laura crosscut lies some ground within which 
the veins have not been much explored: but a little farther north, in 
the l'ro l'atria. Fickle Goddess, and other tunnel-, the only north
easterly veins found carry little but ipiartz and pyrite and are of too 
low grade to pay for working. 

The northeasterly veins exploited in the Cowdrey. Totnale. Argo
naut, and Bancroft mines, on the. west side of the I futures Biver. differ 
materially in their tilling from those in Newman Hill. They contain 
low-grade argentiferous galena, with much sphalerite and pyrite. The 
gangue is quartz with no rhodoehrosite. These veins are generally 
small, and adherent, or "frozen." to their walls. They frequently 
split into small, irregular stringers which die out in the country rock. 
The striking banded structure of the Knterprise lodes is lacking in 
these veins of like trend on the west side of the river. 

The northwesterly lodes of Newman Hill form a notable contrast to 
those of northeasterly trend. They are tilled with white quartz.some
times containing pyrite, but never any ore in commercial amounts. 
As opposed to the usual solidity of the northeasterly veins, entire sec
tions of which, with adhering wall rock, can frequently be taken out 
as specimens, the northwesterly lodes are almost invariably crushed, 
and accompanied by seams of gouge. The result of this crushing, in 
extreme cases, is a loose mass of quartz and day that can be excavated 
with pick and shovel. 

In the Newman mines, where the northwesterly lodes are better 
exposed and often less shattered than elsewhere, they frequently show 
rather complex structure, and are often, properly speaking, stringer 
lodes (see fig. 41). 

, A banded structure, in which white quartz alternates with thin, 
shadowy, gray bands, is common in the more solid portions of the 
northwesterly lodes, and is represented in fig. 41. The dark bands are 
partly solidified, thin plates or skins of sandstone or shale. They rep
resent portions of the wall which adhered to the vein ahead}' formed 
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successive fn-sli Such rco|>ening> have in some ca>es 
lx'l'ii many times repealed. Al least live renewed depositions uf quartz, 
separated l>\" thin, slialy partings. «i'i'' eounted in a portion ot the 
James cross'vein. in the Newman mine-. The average width ot these 
individual veinlet- ot quartz i> aliout a ipiarter of ati ineh. 

Passing to the northern part of Newman Hill and to the northern 
dope of Holores Mountain, the more westerly lodes, whieli there pre
dominate in the I'nion-l'arhonate and'Forest-Payroll mines. show less 
crushing or shattcrintr. 'I hey have also furnished a little ore. I he 
Forest lode is composed ol about a foot ot quartz and low-grade sphal-
eritic ore. The latter occurs only in hunches. 

On the northern spurs of Blaekhsiwk Peak, the Little Maggie and 
Alleghany lodes, which also have a northwesterly course, are simple 
fissure veins, hut are so deeply oxidized that their original tilling and 
structure can only he surmised. The Blaekhawk lode itself is dif
ficult to describe or define, as it apparently consists of several nearly 
parallel veins of ipiartz. forming part of the Blaekhawk fault zone. 
These veins are composed of practically barren, massive quartz, shoiv-
inu no peculiarity of structure. There are no other accessible work
ings on this lode until 11. C. Hill is reached, where its probable 
extension, tin; Pigeon lode, is encountered in tin' Logan and Pigeon 
mines. Here it greatly resembles the northwesterly lodes of Newman 
Hill, but is on a much larger scale. Where seen in the Pigeon cross
cuts. it shows a width of 4o, feet and consists of several stringers of 
quartz and pyrite separated by sheets of country rock. Some of the 
individual veins of this sheeted zone are f> feet wide, composed of 
white, barren-quartz and numerous vugs. The whole lode is greatly 
shattered and is accompanied by much soft gouge. In the Logan 
workings, the lode shows a width of I- feet and contains masses of 
soft, crumbling pyrite- Neither the Blaekhawk nor the Pigeon lodes 
carry anv workable ore as far as known, although some appears to 
have been extracted from that portion of the fissure which traverses 
t-lie I'ncle Ned ground, on Telescoja' Mountain. 

The C. V. (>• lode, at Burns, not now accessible, is probably the 
same as the Pigeon. The A. B. (T.. on the west side of the river, is a 
strong vein up to 6 feet in width, carrying streaks of galena, sphal
erite. and pyrite in a gangue of quartz and calcitc. The vein is 
accompanied by considerable gouge, indicating movement which prob
able accounts in part for the structural fault shown on the map (Pl. 
XL1). 

On Nigger Baby Hill the northwesterly fissures are distinguished 
bv an entirely different type of vein from those on Newman Hill. 
They arc prevailingly simple fissure veins of moderate size. In their 
upper portions they have undergone decomposition of a kind to he 
more fully described hereafter, but in their deeper, unoxidized portions 
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these veins contain a relatively low-grade sphalcritic ore in a ealeite 
matrix or gangue. l^uartz is eitlier wholly lacking or is ven -nlmr-
(tinate in amount. The ealeite varies in coarscncs- ot' crystallization, 
'i'lie coarser varieties, showing distinct cleavage faces of dull white 
or-lightly pinkish ealeite. were noted in the Iron lode and the Butler 
No. 2 vein. Finer-Drained facies. often slightly yellowish in tint 
and closely resembling in texture an ordinary limestone, occur in 
the l'lurnix and main Butler veins. The character of the gangno. 
however, often varies from place to place in the same vein. The pro
portion of ore minerals to .gangue is also extremely variable, ranging 
from nearly liarren ealeite on the one hand to nearly solid masses of 
galena. sphalerite, chalcopyrito. and qjvrito on the other. Although 
the mineral rhodochrosite has not been recognized in these veins, there 
is good reason for supposing the calcific ganguc to be more or less 
manganiferous. 

Banding is well developed in a branch of the I'hcvnix lode, on the 
No. 3 level. The vein is here ulmut 4 inches wide, made up of alter
nating bands of ore and gangue. varying from o. l to 1 inch in thick
ness. It was from the decomposed upper portions of these relatively-
low-grade calcific veins that the bulk of the ore from Nigger Baby 
Mill has been obtained. 

Little can at present be learned concerning the structure of the 
numerous northwesterly lodes of llorse Gulch, owing to the abandon
ment of most of the workings upon them. The lodes of the Mohawk. 
Zenith, and Marriage Stake claims contain practically no vein tilling, 
but are zones of silicitication and of impregnation by pyrite. along tis-
sures in monzonite-porphyrv. The dump of the Lackawanna shows 
that this prospect followed a lode containing abundant manguniferous 
carbonate. Most of the Horse Gulch lodes evidently contained much 
pvrite. in association with which occurred bunches of saleable ore. 

Development on the northwesterly lodes lying north of (J. II. C. 
Hill is not such as to afford much information in regard to their 
structure. The Leap Year lode, in places 15 feet wide, is in part a 
silicitied breccia zone in sandstones and shales, and in part a stringer 
lode. It contains a little pvrite and an occasional bunch of galena iu 
much white quartz. The Hureka vein, consisting of about a foot of 
white, somewhat cellular quartz next the foot wall, and 2 or 3 feet of 
crushed rock, iron oxide, and clay next the hanging wall, has been 
superficially prospected and found to contain a little gold. The 
Golden Rod is a large quartz vein containing numerous fragments of 
country rock, with pyrite and bunches of galena ore. 

Northwesterly fissures are abundant in the Little Leonard mine on 
Expectation Mountain, but they contain little liesides soft gouge. 

The structure and filling of the nearly east-west lodes of the Nellie 
Bly lode fissure, on Nigger Baby Hill, are found to be in every way 
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similar t<> those of the northwesterly vein- 011 the sunc hill, such 
a> the Hope or (irsmd View. Tin* Last Chance lode, lower down 
on the south slope of the hill, is an irrcyular lissure vein between 
walls of altered porphyry, impregnated with pvrite. The vein 
itself is composed of quartz. pvrite. and ehaleopyrite. The Aztec 
lode, supposed t«> he on the line of the Nellie Bly tanlt. consists of 
handed ipiartz. ahont -'J> feet in width where seen. accompanied by 
iniieh crushed and mineralized country rock on each wall (see tiy. 
p. The ipiartz vein, whicli apparently owes its handed struc
ture in part to repeated openings and fillinys of the original tissure. 
contains no ore. On the south or fiK>t wall the vein is accnnqiauicd 
hy a breccia zone, about i' feet in width, of mineralized calcareous 
shales. These pass, with no distinct wall, into less disturbed beds of 
-hale and limestone, which are partly replaced by pvrite and trav
ersed by small stringers* of quartz for a distance of feet or more. 
A very similar breccia, at least a feet in width, occurs on the hanyiny 
wall, and contains bunches of ore. consisting of pvrite. ehaleopyrite. 
yalcna. and sphalerite. In the Zulu Chief mine, near the head of Iron 
Draw , a lode is cut. exhibiting' a structure similar to that of the Aztec 
(-ee pp. '4-:>t!.">). It is likely that the two occupy the same lissure. 
"I iie Calumet lode, supposed to correspond to the La-t Chance fault, 
i- a la rye irregular vein tip to f> feet in width, tilled with quartz con
taining bunches of pvrite. There ate no reyular walls to the tissure, 
and the country rock is much decomposed. Tin- w hole lode is crushed 
and disturbed by recent movements. 

The forcyoiny resume shows that, takiny the reyion as a whole, 
fissures of like trend are not necessarily characterized by similar ores 
or by eorrespondiny structures. The miners who first worked in 
Newman Hill were naturally struck In the contrast between the local 
richness of the northeasterly veins and the poverty of the northwest
erly fissures. They distinyuished the two as *• pay veins'' and "barren 
veins." and this terminoloyy has obtained a certain currency throuyh-
out the district. The adoption of richness and poverty as criteria for 
classifyiny the lodes of the reyion is misleadiny. particularly as differ
ent portions of a sinyle lode would thereby frcquentlv be placed in 
supposedly distinct classes. 

CHANGES IN THE OKK WITH DEPTH. 

I here are probably few more strikiny features connected with the 
Rico ore deposits than the very limited vertical i-.mye of the ores. 
A\ ith the exception of the Little Mayyie and Allcyhanv veins, and 
those of Newman and Niyyer Baby hills, none of the lodes in the 
district have produced much ore, or huvu been explored to an}* con
siderable depth. Such ore as has been found occurred in isolated 
pockets, or is so low in yrade that the various spasmodic attempts to 
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work it have been successively abandoned. Low-grade pyritic ores 
extend to greater depth* than are anywhere reached in the district, 
lait no success lias yet attended attempts to exploit them. In the 
eases of the Little Maggie. Alleghany, and Nigger Baby Hill lixles. the 
lower limit of the workable ore has thus far been found to correspond 
with the bottom of the zone of oxidation. The rich ore is here due to 
purely secondary processes, which will be deseribed in a later section. 

In the northeasterly lodes of Newman Hill, however, there is a most 
decided change. which antedates all superficial oxidation. Unlike 
secondary enrichments due to ordinary oxidizing processes, the depth 
at w hich the Newman Hill veins chanye their character bears no rela
tion to the topoymphic surface, but is more or less eonstant with 
reference to an overlying blanket. For a maximum distance of about 
i:>o feet below this blanket (the Newman Hill ""contact") the north
easterly lodes contain pay shoot* of rich ore..such as has been described 
on payes itil-i'dy Ik-low this depth the valuable silver minerals dis
appear: yalciui. sphalerite, and rhodochrosite vanish; ami the veins, 
which above produce ore carrying many hundred of ounces of silver 
per ton. chanye to practically barren quartz and pyrite. So far as 
their material is concerned they become indistinguishable from the 
northwesterly lodes. The practical reality of this chanye is well 
hrouyht out in the series of lonyitudinal sections throuyh the veins 
of the Enterprise mine, shown in PI. XXXVII. In the Lexinyton 
tunnel, which crosscuts the Newman Hill lodes at depths varying from 
H5o to 550 feet below the blanket, they are found to be small and prac
tically barren, consisting of quartz and a little pyrite.' 

OXIDATION OF TIIK OKKS. 

In the southern part of Newman Hill, as no lodes are worked above 
the Newman Hill blanket, and as the latter is protected from the free 
access of surface waters by an impervious lied or '" roof" of shale, 
oxidation has played but a minor part in the development of the ore 
bodies. In the Union-Carbonate mine some oxidized ore was mined 
from a northwesterly fissure. This ore was near the surface and 
extended to a depth of 30 or 40 feet below an overlying blanket, also 
oxidized. On Nigger Baby Hill, however, and in the Little Maggie 
and Alleghany lodes, descending surface water has been the effective 
agent in producing workable deposits of ore. 

The depth to which oxidation has penetrated in Nigger Baby Hill is 
apparently variable. Owing to the steep sides and faulted structure 
of the hill the permanent ground-water surface is low, and oxidation 
has probably nowhere extended down to it. The process has been 
irregularly limited by very local physical and chemical factors and by 
time. Judging by the extent of the old stopes it appears probable 
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that complete oxidation extend* for about goo loot tmm tin- present 
surface «if the hill near its summit, growing less on it- Hank*. 

The process of decomposition was undoubtedly greatly facilitated by 
the fact that the veins contam a calcitic and not a quartzosc gangue. 
In the initial stages of alteration the impure calcitc. containing more 
or less carbonate of manganese. turns yellowish and is speckled with 
black dots consisting chiefly of oxide of manganese. As the process 
"lies on these become more numerous and the vein is traversed by 
soft scants of hydrous oxides of iron and manganese. Tinally all 
original structure disappears and the once solid vein becomes a soft 
mass which, when seen underground in the moist condition, is black 
and sooty, but which dries to various dark-brown tints. A chemical 
analysis of some of this material from the Nellie Illy vein is {riven 
below. The substance dries to a very dark-brown powder, soiling the 
tinkers like soot. 

It was prepared for analysis by passing through a c«, .rse screen, 
whereby some irregular quart/nsc particles were removed, leaving- a 
fairly homogeneous powder. 

CilCHUVnl tiimhtxi.t 1,1 i ,  imlhrml ffrmi A»7/#« /•/'/ "in. /•«#/«/ //t//. 

;W. V. HUlcfirainl uriftlvsi. 

I 'd  • • • • t i l  

S i O ,  
At.O, ivitli a liule ami Tit'.. 
Fe,U, 
Mnl 
ZnO 
CaO 
MK<I  
H.O at 110° r 
H,0 almve 110° C 
CuO, CO,, alkalies, etc. 

Total 

The foregoing analysis shows that the material is composed chiefly 
of the hydrous oxides of manganese and iron. The silica is probably 
present principally as quartz in loose, spieule-like bunches of minute 
crystals and partly as a hydrous silicate of alumina. The. zinc oxide 
has resulted from the oxidation of sphalerite. The striking features 
brought out by the analysis are the small amount of lime left in the 
formerly calcareous vein and the large quantity of manganese present. 
Although typical, as far as appearance goes, of the oxidized vein mat
ter of Nigger llaby Hill, this particular sample is plainly not an ore. 

I I H>. no 
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Not all of tin1 oxidized |»«»rri«»n- of those veins are workable, hilt only 
those in whieh silver, either native or as ccrargyrite or niitt*>lite. and 
sul])hate. carbonate. or oxide of lead have been concentrated. Such 
rich portions art' often detected by the presence of small bright specks 
of malachite or azuritc. 

The alteration of the upper portions of the Little Maggie and Alle
ghany veins has been somewhat similar to that described. The Little . 
Maggie vein, however, seems to have contained more copper than 
is present in the Nigger I la by Hill veins, and some residual kernels of 
pink rhodoehrosite were noted. 

RELATION OF TIIF. LOOKS TO THE STRUCTURAL FAULTS. 

In their work on the yen era I geology of the Kico region Cross and 
Sjiencer found the structure of the district to be greatly complicated 
by faultiny. the displacement in some cases amounting to several hun
dred feet. Owiny to the frequent concealment of outcrop.- by land
slide.- and wash these faults are often very poorly shown on the sur
face. and to properly delineate and interpret them constituted a highly 
complex yeoloyieal problem. The solution of this problem, a- indi
cated on the yeoloyieal map (1*1. XLlh reflects liiyh credit upon these 
investigators. 

I.'pon takiny up ttie study of the lode fissures, the question of their 
possible relations to the important structural faults established by the 
yeoloyieal niappiny was naturally considered. It was found that 
the connection between them is neither so close nor so obvious as on 
a priori grounds might be expected. 

The productive lodes do not occur in the fissures of considerable, 
faults. Out of the 50 or more fault fissures drawn upon the geological 
map not one has been shown to contain any large bodies of ore. The " 
lllackhawk lode, which docs not itself contain workable ore so far as 
known, is very close to a large fault, but it is by 110 means certain that 
it fills the actual fault fissures. The same might be said of its probable 
continuation, the Pigeon lode, in 0. II. C. Hill. The A. B. 0. lode at 
Burns is possibly on a branch of the Blackhawk fault. It contains 
some low-grade ore, which, however, has never been worked on a 
commercial scale. The Nellie Bl\* fault certainly does not coincide 
with the Nellie Bly vein, but appears as a close, inconspicuous fissure 
a few feet south of the latter. It is possible thnt the western exten
sion of this fault passes through the Aztec and Zulu Chief lodes, but 
these properties can scarcely be classed as productive. The Last 
Chance fault, although taking its designation from a prospect of thnt 
nume, is certainlj- not identical with the Lust Chance lode fissure. 
It is shown on the map as passing through the workings of the 
Calumet, an unproductive prospect on the west side of the river. 
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Tin- question of the coincidence of faults and lodes may I K -justly 
..iimmed up in the statement that the most productive lode tissures of 
the district show very little faulting along them while fault fissures 
of sufficient extent to lie structurally important contain little or no 
ore. It is hut fair to remark, however, that the fault fissures have 
been sea reel v prospeeted. 

Considerable structural faults may also he important in displacing 
lode., which tliev crow. It is highly prohahle that the Dead wood fault, 
south of Newman Hill, euts off the Newman Hill blanket and lodes, 
tin-owing their southern continuations downward and westward. A 
zone of faults passing down the west slope of Dolores Mountain, past 
the Laura shaft, has probably offset the same lodes on the north. 
Neither of these points, however, eould be determined underground 
at the time of visit. 

The Nellie lily fault, which passes over the nose of Nigger Baby Hill 
and brings up the massive limestones of the medial division of the 
Herniosa on the south until they abut against the Rico lieds on the 
north.1 passes through the workings of the (irand \ jew and Iron mines, 
without, as far as can be seen, interrupting the l'hcenix. (irand View, 
or Iron veins. It seems necessary to conclude that these veins are of 
later origin than the fault. 

HELATIVF. AUKS OK TIIK LOOKS. 

The question of the relative ages of the northeasterly and north 
westerly lodes of Newman Hill is of theoretical and practical impor
tance. Farish* and Rickard3 have both discussed it. and reached 
conclusions not entirely in harmony. Farish, after describing the 
relations observed by hint, says: 

A consideration of these irregularities naturally suggests a speculation concerning 
the relative ages of the two vein systems. In this connection 1 must confess that, 
from the complexity of the problem, I have not been able to arrive at positive con
clusions. Reasoning from the occurrence of the sharp faults in the "vertical pay 
veins "—the dislocation beingabsolnte—and the unbroken trend of the "cross veins," 
the inference would be drawn that the latter are, relatively, the younger. Whatever 
mistrust arises from 6uch a deduction is occasioned by the observed deviation of the 
"vertical pay veins" from their normal course for considerable distances to a paral-
lc)ism with the intersecting "cross veins" within the walls of the latter. On the 
assumption, however, that all of the "vertical pay veins" when disturbed by inter
secting "cross veins" were originally faulted, and that the faulting fissure in some 
instances—prescribed by local influences—furnished a connecting channel for the 
mineral solutions circulating iu the faulted vein, these phenomena are susceptible of 
reasonable interpretation. 1 am at least strongly inclined to favor this view. 

Rickard, on the other hand, maintains that the northwesterly fis
sures are younger than the northeasterly lodes, and that the described 

' See Cross and Spencer, loc. clt., p. US. «Loc. clL, pp. liS-160. • Loc. clL. pp. M6-9S2. 



27n IIKK DKJ'O.SITS OF Kiri» MMFNTAIXS. COI.OKAIXI. 

deviations of the latter into the former are dimply eases of drag. «l»e 
to faulting. 

Neither of the foregoing hypotheses is entirely satisfactory. although 
hoth contain partial truths. Neither Fnrish nor Uiekard apjiears to 
have given due consideration to the various facts which must 1H« 
included in any complete explanation. The observed phenomena that 
bear upon the question may be briefly summarized as follows, the 
reader being referred to the detailed accounts of the Newman Hill 
mines for their fuller description: 

(1) The lodes of the two systems are distinctly different in trend 
(see PI. XXIX). 

(•J) The northwesterly lodes are practically barren, whereas the 
northeasterly veins usually contain rich ore to a depth of al>out 150 
feet below the Newman Hill blanket. 

(3) The northeasterly veins sometimes show a later generation of 
quartz and pyritc. 

(4) The northwesterly lodes, when not too much crushed, usually 
show banding due to repeated openings and fillings. 

(5) The northeasterly veins are solid and often adherent to their 
walls: the northwesterly lodes are almost invariably crushed and 
accompanied by gouge. 

(r.) The northwesterly fissures generally cross the others without 
being themselves deflected. 

(7) In some cases the northwesterly fissures fault the nortbensterly 
lodes, but more commonly they pass through the latter without off
setting them. Alarked changes in the value of the ore are said to 
occur at such crossings. 

( 8 )  A northeasterlj- vein is sometimes lost at the crossing of a 
northwesterly lode, as was the case with the Hiawatha on the 100-foot 
level of the Enterprise mine (p. 320) and the Chestnut and Newman veins 
in the Newman mines (pp. 332-334). It has been commonly assumed 
in such cases that the northeasterly vein has been faulted and offset for 
distances up to 175 feet. It is to be noted that the northeaster]}' vein 
is not always sharply cut off at the supposed fault, but small stringers 
are sometimes present, continuing on beyond the latter. Further
more, the supposed offset of any one of the northeasterly veins cut bv 
a northwesterly fissure is not always comparable in amount with the 
offset of the neighboring veins cut by the same fissure. Thus Rick-
ard's diagram (fig. 47, p. 320) shows a northwesterly fissure offset
ting the Hiawatha vein about 175 feet and the adjacent Songbird vein 
only 20 feet, both being nearly vertical veins. 

(9) Northeasterly veins sometimes contract or divide into small 
stringers upon approaching a northwesterly lode (sec fig. 51, p. 332). 

(10) None of the lode fissures displace the overlying blanket more 
than 25 feet, most of them much less than this. 
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(111 In one rase (that of the Jumlio No. S vein. Enterprise mine: see 
p. :i~Jl and fig. 4!M a northeasterly vein i> known t«» lin n into a north
westerly fissure for a short distance and then resume neurit its normal 
course. The deflected portion of the vein Iia« Iwen _ brecciateil. and 
subsequently healed hy white quartz, whiel) was later shattered in its 
turn. In a few rare instances small northwesterly fissures have heen 
observed occupied hy the characteristic filling of the northeasterly 
lodes. 

(12) The Kureka vein pursues a nearly straight course through the 
principal Newman Hill workings without being offset hy the north
westerly fissures which cross it. and which arc commonly supposed to 
have offset neighboring hides, in some caws as much as 175 feet. 

It is believed that the hypothesis which best reconciles the various 
observed facts is one which supposes the initial fractures, both north
westerly and northeasterly, to have been formed at practically the 
same time. Studies of vein structure in this and other regions 
show that lode fissures may not open to their full width until some 
considerable time has elapsed ufter the production of the first frac
ture. It i- probable that in the network of intersecting and partly 
incipient fractures in Newman Hill the northeasterly fractures were 
as a whole the first to open sufficiently to permit vein dejHisition. If 
the northwesterly fissures are entirely of later date than the north
easterly veins, it is impossible to account for the fact that the latter 
occasionally follow the former for short distances, and that they 
sometimes die out or divide into stringers just as a northwesterly frac
ture is approached. That the ore changes abruptly in value at the 
crossing of northwesterly fissures, even where no faulting is peirepti-
hle. is strongly insisted upon hv the miners and by the present sujier-
intendent of the Enterprise mine. It is liest explained by supposing 
that the northwesterly fractures existed when the ore was being 
deposited in the more open fissures. If the northwesterly fissures 
were of altogether later date, and simply faidted the northeasterly 
veins, it should be possible to consistently match the faulted lodes on 
opposite sides of the dislocation. In many cases this is utterly impos
sible, for whereas some lodes are found to he slightly displaced and 
can be recognized and followed, others have no continuation beyond 
the fissure. Attempts to find and identify such continuations have led 
to absurdities, such as supposing that a fracture which throws the 
overlying blanket less than 24 feet and does not perceptibly offset 
the Eureka lode can offset one lode 175 feet and another, hut a few 
feet away, only 20 feet. 

On the other hand, unless it be allowed that the principal opening 
and filling of the northwester!}- lodes was later than the ore deposition 
in the northeasterly lodes, it is impossible to uccount for the fact that 
the former cross the latter, and no good reason appears why both 

i'-ls -
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should not have been equally filled with ore. It i> probable that the 
opening and filling of the northwesterly fissures was in part synchro
nous with the slight reopening and tilling with barren quartz and pyrite 
observed in connection with, the northeasterly lodes. It certainly cor
responds to the partial breceiation and reeeinentation by barren quartz 
of that portion of the J umbo No. 3 vein, which follows a northwest
erly fissure, and with the cementation of the fault-draped fmoments 
of the Swansea vein on the 100-foot level of the Enterprise mine 
(seep. 321). 

Finally the shattered nature of most of the northwesterly lodes, and 
their constant accompaniment by scams of gouge, show that they have 
continued to be planes of more or less movement up to recent times. 
It is consequently impossible to determine how much of the observed 
moderate faulting along these fissures took place prior to their com
plete tilling with quartz, and how much has taken place during the 
subsequent crushing of their veins. 

If the foregoing view is correct, the development of the Newman 
Hill mines in recent years, in accordance with the hypothesis that the 
disappearance of a northeasterly vein at or near a northwesterly fissure 
is always due to the faulting, and that the faulted jKirtion of the lode 
may be found offset over loo feet to one side, has had no reasonable 
basis. Such a working' hypothesis has certainly led to errors and eon-
fusion in identifying lodes on opposite sides of the northwesterly fis
sures. The practical consequences of adhering to this plan, however, 
have not been altogether disadvantageous, since it encouraged cross-
cutting. and led to the discovery of veins which were probably, in 
several cases, not the faulted continuations sought for. 

It hits been assumed in the foregoing discussion that lodes of like 
trend and similar character are of practically the same age. It is pos
sible. however, that some of the northwesterlj- lodes may be earlier 
and some later than the northeasterly vein. While it would be. difficult 
to disprove the latter view, it is not considered probable. Its accept
ance would knock away the foundations which underlie systematic 
treatment of the lodes both on the theoretical and practical sides. 
. Passing bevond the bounds of Newman Hill, we find that the same 

age relationship exists between the northeasterly and northwesterly 
lodes on the west side of the Dolores River, between Sulphur and iron 
creeks. 

In other portions of the district, however, there is scant opportunity 
for determining the sequence of lode fissures of different trend. As 
ulreudy noted, the northeasterly lodes are absent or insignificant. 
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THE U1.ANKKTS. 

Eni< rprm- hhinh t.—Of the various t.lankots occurring in tin- Uico 
district, tlic so-called Newman Hill or Enterprise ••contact" i> mo-l 
important, and will he first deserilmd. The others will then he taken 
up. and their characteristic features so outlined as to emphasize 
poir.ts of resemblance or contrast, with reference to the most promi
nent type. 

The*Enterprise blanket is for the most part an unconsolidated breccia, 
occurring nearlv midwav between the top and bottom of the >eiies of 
sandstones, shnies. and limestones which make up the lower division 
of the Hermosa. It underlies the southern half of Newman Hill, but 
its extent is only approximately known. On the west it should out
crop along the hillside above the adits of the Rico-Aspen. Newman, 
and Enterprise mines, were it not for the thick cloak of wash which 
conceals the rock in place. On the east it conforms to the general 
southeasterlv dip of the beds (about 1.V-). ami passes under l.hdores 
.Mountain. At a distance of :>.OIHI feet, measured down the dip from 
the surface, the blanket Ifecoines thinner: .but its full extent in this 

'directum is unknown. On the north it lias not been followed tar 
beyond the Liiursi shaft. Other blankets occur to the north in the 
I'nion-Carbonatc mine, but none of them have lieen satisfaetorilv 
identitied with the Enterprise *• contact." On the south the blanket 
is cut off by the Deadwood fault. As it approaches the latter it turns 
down with a rapidly increasing southerly dip ami passes out of reach 
from the levels of the present workings. 

The blanket has been extensively exploited by the Enterprise. New
man. Rico-Aspen, and other mines, and is estimated to have produced 
at least u third of the entire output of the district. At present very 
few known bodies of ore remain, ami, the •'contact" workings (see 
PI. XXXVI) have been allowed to esivc in. 

The blanket rests everywhere upon a bed of limestone, familiarly 
known as "the short lime," but which may here be conveniently referred 
to as the blanket limentmie. This bed varies in thickness from a few 
inches to about 2 feet It is light gray, compact, and apparently non-
fossiliferous. It effervesces f reely with weak acid, and is an ordinary, 
slightly argillaceous limestone, r 

Below the limestone are usually found 5 or <> feet of dark shales, 
alternatingwith .very thin/'lenses of sandstone. Under these is gen
erally a second bed of limestOhe similar to that above, and below this 
limestone come sandy shales and sandstones, the latter predominating 
with increasing depth. 

The blanket resting upon the blanket limestone varies in thickness 
from 2 to 20 feet. The average is perhaps b feet. It is overlain by 
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fissile, black slmle which, so far as known, is never absent, and j>er-
tornis an important function in keeping out. by its imi>crviousnf». 
the abundant surface waters. Alwive the shale arc hods of sandstone 
and sandy shale, all more or doss fractured and soft, which extend up 
to the loose surticial material covering the hill. The only wot kings in 
these upper beds are the vertical shafts sunk to the blanket below, 
and as these are necessarily closely timbered, and now mostly inacces
sible. there is little opportunity of studying the beds'which they 
penetrate. 

The blanket itself dips with the inclosing beds, generally southerly, 
at about lo;. but it is warped and irregular (see l'l. XXXVII). For 
the entire thickness it is sometimes made up of a mass of small shale 
fragments emlieddcd in a matrix of still more finely comminuted shale 
particles. This breccia passes upward, with no sharp break, into less 
disturbed shale, which in its turn grades into the so-<idled "shale 
roof."' Occasionally fragments of soft sandstone are mingled wiili 
the shale flakes in the breccia. When this is the ease, the rock imme
diately alatvc the blanket is usually a lied of the same sandstone, the 
brerciation having involved the entire thickness of the slmle. Seams 
of gouge show that there has been some movement within the breccia, 
duo partly to  fault ing paral le l  with the bedding:  but  this  motion 1 ms  
been local, and the hlunket as a whole can not lie regarded as a simple 
friction breccia due to n bedding fault. In structure and general 
appearance the blanket breccia is perfectly reproduced, artificially, 
when shale waste is dumped into an abandoned stope and allowed to 
slightly consolidate. 

As a ride the breccia constitutes but the upper part of the blanket. 
The lower part, resting -directly upon the blanket limestone, is com
monly a soft, gray, silt}* material, frequently showing a laminated 
structure suggestive of water-laid origin. This deposit varies in thick
ness; and in its upper part is mingled with fragments of shale. 
Wherever ore occurs in the blanket, it is usually as a replacement of 
this material, which is evidently the "pulverulent lime" of Rickard.' 

The foregoing description may be considered as applying to the 
typical and usuaf appearance of the blanket. But in some places con
siderable bodies of gypsum occur above the blanket limestone, occupv-
ing more or less of the space usually filled bv the blanket. Such 
a mass occurs in the Enterprise mine south of the Group tunnel, 
and extends southeastward in the direction of the Vestal and Aspen 
shafts. It is perhaps continuous with the gypsum said to have been 
encountered near these shafts in the Rico-Aspen workings. Another 
large body occurs in the Rico-Aspen mine, near the Silver (jlunce 
shaft. The maximum thickness of the gypsum is not now revealed, 

1  Lo t* ,  c i t . .  p .  ' JW » ,  m i l l  e l s ewhe re .  
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but it probably exceeds l<« feet. and may reach »» feet.' It some
times rests directly upon the blanket limestone with an undisturbed 
contact of dejatsition. the latter so close that a knife hindc can not l»e 
thrust into it. In other places the two rocks are separated by a vary
ing thickness of the gray silty material already described as a charac 
teristic constituent of the lower portion of the blanket. AN herevcr 
this occurs, however, the under side <»f the gypsum shows evident signs 
of solution. This is well shown in the Rico-Aspen mine, near the Sil
ver Glance shaft, where the photographs were taken from which Pis. 
XXXII. A. and XXXIII were made. The gypsum is seen to be pitted 
with rounded, pothole-like cavities up to feet in diameter. Lying 
upon the limestone under these cavities is always move or less of the 
crrav siltv material already noted. The general form of the cavities 
and the relation of the gypsum to the underlying and overlying beds 
is shown in fig. oti. p- ^37. from a sketch near the Silver Glance shaft. 
It is reported on good authority that in the old Enterprise workings 
cavities or "water courses" in the gypsum large enough for a man to 
crawl through were of frequent -occurrence. 

There are but few places now accessible where the peripheries of 
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FIG. 42.—Diagrammatic section through a portion of the Enlcrprisv blanket, showing relation of the 
gvjwiun u> the blanket. 

the gypsum masses eaii ne studied. One such point was reached i.i 
the Enterprise mine, and the; relation of the gypsum to the typical 
blanket material is shown in tig. The gypsum was found to have 
the irregular, cuspate forms characteristic of a homogeneous substance 
wasting away by solution. The unconsolidated blanket breccia fits 
snugly against the. reentrant curves of the gypsum, much as loose 
morainic material might crowd against the melting front of a glacier. 
The gypsum is dissolving, and as fast as it dissolves the blanket breccia 
and the gray silt take its place. 

The gypsum, wherever seen, is massive, with an occasional sugges
tion of schistosity parallel to the general bedding. It is silvery gray 
on fresh fracture, fine granular in texture, and apparently nearly pure. 

Hlckatd, loc. clt., p.970,gives the maximum ihicknesa, mthe xouthwestern part ui the Enterprise 
e,as 16 feet. 
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A chemical analvsw of :i sample collected near lie Silver Glance shaft 
is L'ivfi! in Column I of iIn* following table: 

. I utt/»/>».< «»/ t j t / f tMHin J t ' tmi  ». 
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near Silver Ulance nhatt, KU*>-AS)KMI mine. 
m 1 lift, or residue, of jryp^utn, from satin* Im-aiitv. 

The analysis shows that the gypsum is of fair purity, hut probably 
contains small quantities of dolomite, minute amounts of magnesium, 
iron, and aluminum silicates, and a very little strontianite or celestito. 

In Column II of the table is given an analysis of the gray siltv 
material so characteristic of the lower portion of the blanket, which 
hiis evidently been deposited us the gypsum was dissolved. The mate
rial chosen for analysis was collected near the Silver Glance shaft, at 
a point where it forms a layer about 1 foot thick, separating the gyp
sum above from the blanket limestone below. Samples were taken 
from the top and bottom of this layer, but they showed so little visible 
difference that only the lower one was analyzed. 

When dry the material resembles a light-gray, dusty earth, some
times faintly streaked with yellow, probably due to the presence of a 
little iron oxide. The clod-like lumps in which the substance dries 
may be easily pulverized between the fingers to a dustv powder, which 
reveals little or no grit when rubbed on glass. Under the microscope 
the powder is seen to consist chielij' of minute, colorless, crystalline 
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grains. rounded in outline. Iml partly of prismatic lial>it. There is 
also an occasional grain of pyrito present. 

The el ileal analysis shows that this powder is essentially a mixture 
of dolomite ami celestiie. ahout 5»i per cent of the former to aliont 37 
per cent of the latter. The iron is probably present partly as pyritc 
and partlv as limonite. or some other hydrous oxide. The alumina, 
alkalies, and water are very likely combined with the silica to form 
some unknown silicate or silicates present in minute quantity. 

The mass relation between the original gypsum and the.pulverulent 
material analyzed brim: unknown, it is impossible to closely calculate 
the {rains and losses involved in the partial solution of the gypsum 
and the accumulation of this less soluble residue. A very large pro
portion of tin- original hydrous calcium sulphate, probably over !M.i 
per cent, luis i.i-cn dissolv ed and carried away, and the analysis of the 

•original gvpsmn can lie compared with that ot its residue only after 
the • percent agvs of the latter analysis have been divided by some 
number to which ii i- possible to get but a very rough clew. It the 
alumina has remained constant' during the ehattge. then analysis II 
should he divided 1>v -_'t'>.i'>. If the strontia lias been neither inereased 
not"diminished, then the divisor should be l!i-f.!'. Tln-.»e numbers are 
so different that it i> unsafe to assume the constancy of either eon-
stituent. or even to employ the mean of the foregoing numbers as a 
rough approximation to the truth. It is possible that the-material 
analyzed, coming from the bottom of the deposit, is richer in eelestite 
than in the upper portion. 

Although the chemical analyses do not sutKee for quantitative cal
culations of losses and additions involved in the change, they bear 
out the unimpeachable testimony of geological occurrence that the 
gray, silty mixture of dolomite and eelestite is essentially a residue 
from the solution of the gypsum. This residue, however, may have 
received some additional strontia from outside sources. 

The occurrence of the gypsum in the blanket, zone is a matter of 
more theoretical and practical moment than has hitherto been sup-

l posed, and it is important to gain some idea of the former extent, of 
•v; ;the gypsum and to understand its origin. It has been shown that 

-•jO-the gypsum is in process of solution nnd that this solution is accoui-
"r, panied, step by step.'by the accumulation of a silt}* residue of dolo-
'^7-^ mite and eelestite. The existing gypsum masses show characteristic 
'^^^plntion forms on their peripheries. The blanket breccia, closely 
•^"following up the proeess of ablation, crowds snugly against the wast

ing gypsum. The peculiar pulverulent mixture Of dolomite and 
eelestite, recognized as a product of the solution of the gypsum, is 
nearly always present in the jower portion of the blanket. 

The foregoing facts not only prove that the'..gypsutiiOiicc possessed 
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a greater horizontal extent than at proent. 1 nit they show beyond 
reasonalile <ioit>>t tliat the gvpsuni was onee coextensive with what is 
now known a- the Knterprise "contact." or blanket. I he recognition 
of the fact that the present gypsum masses are mere wasted remnants 
of a continuous bed that once occupied the entire space now filled by 
the Knterprise blanket i> of more importance for an understanding 
of the genesis of the ore deposit than is the distinct question of the 
origin of the gypsum itself. 

In the paper already quoted liickard1 refers casually to the gypsum 
and suggests that it has been formed "bv a sulphati/.ation of lime 
breccia through the agency of solution coming from neighboring ore-
bearing measures." Spencer" has called attention to the fact that 
thick beds of gypsum occur in the corresjionding jiortion of the Het-
inosa formation in the region of the Animas lliver. and has suggested 
that the gypsum of Newman Hill is in reality an integral part of the 
formation and not a secondary dejxisit. He has also suggested the 
jMissibility of the gray silty material, which lie somewhat inaccurately 
terms "marl." being a residue left after the solution of the gypsum— 
a hypothesis which has just been shown to be well founded. That 
his view of the gypsum is in the main correct admits of no doubt. 
The fact that beds of gypsum are known to occur in the llermosa 
formation a few miles away is alone strong presumptive evidence that 
the Newman Hill gypsum is an original member of the formation 
and dates from Carboniferous times. Wherever its under side is not 
pitted by corrosion it rests snugly upon the blanket limestone as a 
sharply distinct lied.3 Tire formation of gypsum from limestone by 
the action of sulphate solutions is a process chemically possible, and 
one which is uctually in progress in C. H. C. Hill. Hut the gypsum 
so formed is merely a dull, earthy crust on the limestone, is evidently 
dissolved nearly as fast as it is formed, and attains no considerable 
mass. The massive crystalline character of the Newman Hill gypsum 
and its purity render unlikely the hypothesis of its derivation from a 
sulphntized arg^fTaceous and siliceous limestone. Such a hypothesis 
is made yet more improbable by the fact that the gypsum is now 
wasting away at a rate which would never have allowed it to accu
mulate in the first place through the chemical process suggested. 
Lastly, it is inconceivable that a mass of limestone from 10 to 30 feet 
in thickness should have been completely altered to gypsum, while 
the blanket limestone immediately below it shows no trace of such 
action. No such massive bed of limestone as is required by this 
hypothesis is known elsewhere in the beds of the Lower Hermosa, and 
the idea of metasomatic origin may safely be dismissed as a gratuitous 

* Loc. clL, p. 970. 
1 Cross and Spencer, loc. ell... pp. £3 and 111. 
'The statement of Spencer (loc. cit. p. Ill) that the gypsum. •• wherever it occur*, rests above the 

pulverulent limestone of the 'contact,*" is true only where more or It** M»httion hint taken place. 
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suggestion. Tin* Newman 1 Til! gypsum wa» originally a bed laid 
down with tin* llerniosii shales. sandstones. and limestones. I here 
are strong reasons for supposing that it was lentietilar in form and 
tnav not havi- extended far hevond the present lioiinds of Newman 
Iliil. 

The blanket as thus far described, consisting of shale breccia and of 
pulverulent dolomite and relestite. has been locally modified through 
processes connected with ore deposition. Tin? results of these proc
esses may be classed as (I) silicitication and ('2) deposition of ore. 
Both of these modifications are directly connected with the lode fis
sures. and in cur where the latter meet the blanket. Although closely 
related, silicitication and ore deposition appear to have been to some 
extent antagonistic or mutually exclusive processes. The silicitication 
sometimes involves the whole thickness of the blanket and even part 
of the blanket limestone. It is well shown in the Enterprise mine, in 
the so-called, Bridal Chamber (1*1. XXXIV. .1). above the intersection 
of tlic dumbo No. M vein with a large northwesterly lode, and in the 
Itico-Aspcn mine above the intersection of the Montezuma vein with 
two northwesterly lodes. In lioth these places all of the liner material 
of tlic blanket lias been replaced by pure white quartz. The larger 
fragment-have also been silleified. but can still be recognized as dark 
patches in the quartz. An example of such silieilicil dark shale is 
shown in 1*1. XXXV. In this ease the shale was only partly brcceiated 
prior to silicitication. and the specimen still shows a rough banding 
parallel to- the original stratification. A chamber freshly excavated 
in such material presents a striking and beautiful appearance. Under 
the microscope, in thin section, the former shale fragments, in spite 
of their retention of dark color, are found to be altered to a finely 
crystalline mosaic consisting almost wholly of quartz. 

Workable ore is sometimes associated with such a silicilicd blanket, 
but more often as silicitication Irecomes prominent the ore vanishes, or 
vice versa. 

The blanket ore occurs chiefly as a replacement of the pulverulent 
lower part of the blanket above both the northeasterly and northwest
erly lodes: but it sometimes extends up into the breccia, where it 
may perhaps have formed partly as the filling of interstitial spaces, sis 
well as by replacement. It frcquenth' partly replaces the blanket' 
limestone, particularly where the latter is breceiuted. No large bodies 
of "contact'" ore could be seen at the time of visit, in 1000. In the 
southern part of the Rico-Aspen mine, above the Sclcnide vein, no 
ore is found where the gypsum occupies the usual place of the blanket, 
but it does occur farther north, where the gvpsuni has been dissolved 
away. In the vicinity of the Vestal shaft, however, and in portions 
of the Enterprise mine, ore is said to have occurred in the gypsum 
itself. A little of this ore was seen in the Enterprise in 1900. It 
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occurs a- irregular bunches in tin- lower part «»f tin- gypsum. having 
im'tasomatirally replaced tin* latter. Such on- ha- a gangue of quartz. 
rhodochrosite. and sclenito. 

The usual blanket ore of the. Enterprise and Rico-Aspen mines is 
.similar t<> that of the northeasterly lodes, hut presents certain differ
ences which are always sufficient to identify it. It is usually less solid, 
and show- less regular handing, or none at all. Rhodochrosite is not 
so abundant as in the lode ore. The blanket ore consists of galena, 
sphalerite, and one or more rich silver-Waring minerals, in a quartz 
and rhodoehrosite gangue which is often subordinate in amount. 
With the foregoing minerals are usually associated comparatively 
small amount- of ehalcopyrite. and sometimes argentiferous tetra-
hedrite. Common pvrite is apparently very subordinate in the rich 
blanket ore. The rich silver-bearing minerals which have Wen iden-
titied include polybasite. in characteristic tabular crystals, argentite. 
proustile. and probably stcphanite. I'o-sihly other minerals also 
occur, but their exhaustive collection, i-olatiou. and identification 
would constitute a special investigation. 

Many other blankets occur in the Rico district, some ore bearing 
and some not. As a rule miners working claim- on these blankets 
hate a more or le-- continued belief that they are "on the Enterprise 
contact."" Most of these "contacts." it i- true, are in rocks belonging 
to the lower division of the Ilermosa. and some of them may occur at 
the same stratigraphic horizon as the Enterprise blanket. But there 
entered into the formation of the latter certain conditions which 
increased its ore-bearing capacity and which appear to have been 
absent in the formation of all other blankets examined. The exact 
nature of these differences will be partly understood from the follow
ing descriptions and will be particularly dwelt upon in the section on 
the-origin of the ore bodies. 

A small blanket, of limited horizontal extent, is known in the 
Enterprise workings from 100 to 15u feet below the main "contact." 
It is a breccia of dark shale, which carried a little ore alongside of the 
Enterprise vein. The gray, silt.y material, characteristic of the main 
blanket, was not noted in this lower breccia zone, which, however, 
was seen onh* in the main tunnel. 

AVw Y>>ur hiankA.—Still lower in the stratigraphic scries, and 
fully 4O0 feet Wlow the main Enterprise blanket, is that of the New 
Tear mine (PI. XXXII, £). This is a strong zone of brecciuted 
shales, resting upon an intrusive sheet of porphyry and overlain by 
soft shales. The blanket shows evidence of considerable differential 
movement between the overling and underlying rocks. It is partly 
silicitiod and contains some low-grade ore. The monzonite-porphyrv 
which underlies it is probably the same nms-ive sheet encountered in 
the Skeptical shaft, at the bottom of the dumbo shaft, and iu the 
bore-hole driven below the Rico-Aspen workings. 
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( litlllWiift. Si/i'if Sir 11,1, mil? I,itfh 3/ill/iln hlilnkitx.—Oil 

tin* wvst side of tin- Dolorc- River. "contact.-" occur in tin- N. A. 
(.'owdrev. Bancroft. Little Maggie. ami Silver Swan mine.-. The-r 
arc all in Ijower Hcrinosa rocks, hut occur at various horizon-. The 
X. A. Cowdrev hlankct consists of two members of disturbed black 
shale, separated by a lied of limestone about 8 inches thick. The 
entire blanket is underlain and overlain by massive sandstone. Some 
low-grade ore occurs near the bottom of the lower shale at its inter
section by a lode. The liancroft blanket consists of soft shale breccia, 
mixed with clay, which rests upon massive sandstone and is overlain 
by shale. It is from to 8 feet in thickness. In the Silver Swan 
mine a blanket consisting; of about <i inches of soft, gray clay or gouge 
pa—es upward into an unknown thickness of breeciated black shale. 
In the Little Maggie the principal blanket consists of dark shale 
breccia resting upon a bed of limestone and overlain by shale. It 
more closely resembles the Knterprise blanket than do the breeciated 
zones of the other mines, but none of the pulverulent mixture of dol
omite and celestite was observed. This breccia contains small bmiehes 
of low-grade ore. but has been little explored. Several incipient or 
local "'contact" breccias occur at various horizons in the dark -halo 
of this mine. 

/ i i i i i i i -Ctirlinniitr h/i i /d;/\.—In the I'liion-C'arboiiate mine, on the 
north -pur of Dolores Mountain, several blankets are known, none of 
which, in spite of their proximity and the fact that they occur in 
Lower I lertnosa rocks, can be satisfactorily identified as the Knterpri-e 
blanket. I he principal ore-bearing "contact " of this mine is com
posed of a zone of breccia resting upon a sheet of intrusive porphvry. 
It is sometimes overlain by porphyry and sometimes passes upward 
into relatively undisturbed shale-. It has a thickness of 4 or 5 feet 
and in it- less altered condition consists of somewhat mineralized frag
ments of shale and porphyry (1*1. XXXIV. 7/). The shale is often 
bleached nearly white and is partially replaced by ore. as described 
on pages 8-1-1-845 and illustrated in tig. t>0. page 845. Hut where 
certain fissures intersect the blanket, the latte.r, for a varying distance 
on each side of the line of intersection, is entirely replaced by masses 
of quartz and pyrite containing considerable bodies of low-grade ore. 

Below the blanket just described occur several smaller and less 
important ones of different character. These arc found in lieds of 
dark shale, particularly in thin beds lying between relatively massive 
beds of sandstone or sheets of porphyry. "When fully developed these 
blankets consist of a plastic yellow clay. The clay is an alteration 
product of the shale in place and often preserves traces of the original 
"hah lamination. Its yellow color is mainly due to hvdrous oxido of 
it on. w hieh readily dissolves in hydrochloric acid, leaving an apparently 
amorphous, white residue the exact nature of which can be determined 
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4>n 1 \ by quantitative chemical analysis. It is not known whether this 
clav represents a direct alteration of the shale or whether it is due n> 
the oxidation of some zone of alteration originally diffeivnt in char-
aeter. The alteration does not always involve the entire thickness of 
a hed of shale, hut often constitutes a medial zone grading above and 
below into ordinary dark shale. The position and extent of this zone 
within the hed are probablv dependent upon some variation itt the com
position of the latter. These clayey zones sometimes contain hunches 
of oxidized ore near intersecting vertical fissures. 

F'irrxt-]'<n/riill hhndrts.—]n the Forest-Pavroll mine, aluiut l.Onn 
feet northeast of the Union-Carbonate, there arc two blankets from 
30 to 5o feet apart, neither of which has its vet been identified with 
any of those of the Union-Carbonate mine, although, like the latter, 
they lie in strata belonging to the lower division of the Hermosu. 

The lower blanket is about .r> feet in thickness. It is a breccia of 
shale, mingled with yellow clay, and resembles some of the, blankets 
of the Union-Carbonate mine. It is underlain by sandstone and over
lain bv shale. The blanket is nut a simple breccia throughout, but the 
softer, brecciated. clayey layers are sometimes separated by harder 
beds of shale or sandstone which have resisted the change undergone 
bv the more susceptible beds and preserve in some measure their firm
ness and continuity. This blanket contains some rather low-grade ore 
where intersected and slightly faulted by nearly vertical northwesterly 
fissures. A little galena is found, but the ore is usually oxidized. 

The upper blanket is 5 or (i feet in thickness and rests sometimes on 
shalv. calcareous sandstone, sometimes 011 a sheet of porphyry. It is 
overlain by disturbed and broken shales. In its general appearance 
this blanket is similar to the lower one, but it contains irregular 
masses of limestone which bear much the same relation to the blanket 
that the gypsum bears to the Enterprise •• contact." In some places the 
limestone occupies the entire thickness of the blanket, extending from 
the porphyry or sandstone floor up to the shale roof. It is often 
traversed by irregular fissures, filled with a black, soot}- material, 
which is also very abundunt throughout the blanket and is verv like 
the product from the NelUe Bly vein, of which a description and an 
analysis are given on page 2t>7. In other places the limestone is entirely 
absent, or occurs in isolated masses of exceedingly irregular form 
which are ulways covered with the black substance descrilted and are 
embedded in the soft material of the blanket The limestone, light 
buff in color and evidently impure, is finch'granular in texture and is 
minutely banded or laminated parallel to the general bedding of the 
inclosing sediments. The sooty material is evidently an alteration 
product of the limestone. It penetrates the latter irregularly and 
works inward along the laminte from the surfaces exposed to attack. 
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Chemical nnnlvses of tIn* limestone and of the M»OI\ (Kinder  sire 
given in the following tsihle: 

Atmliisis i  I Ini'slnlti i.tlfi lis nlhrnl""' jiro'lni!. 

IW. K. Ilillibnui'l, iiimlyM/ 

I'nii-timi'tlt. I .  I I .  

l"> 
2.2» ! 

! 
<1 30. Kti | 

.31 i 

.«» : 

23.51 | 
.(it; ! 

Null!'. 
I. 1. 5li 

.:in 
I . 5li 
. . 54 

ZiiO • Faint ir." 
Cut) , Faint ir. V 

1 

CaO 
MJIO 
CO, 
H,0 at 110° C ... 
H..O above 110c C 

SiO, 
TiO. 
ZrO, 
Al,0:, 

Hc,0:, 
F.4 ) 

Mud 

i. IN; 
14.21 

. 17 
7. iiii 

ft S. KS 

Faint tr. 
None. 

(") 

12.5i; 

I .,'5 ;:i; l-
Mil" 13. 27 

1. i2» 
. 40 

5. 21 
Faint tr. 7 

I'M), 

BaO 
SrO 
Na..<) 

KjO 
'I.i.O Hlrunc tr. 
P.O. Tf. .14 
SO, Tr. 

. 20 

Total. 100. mi I I N I. no 

in 

2.5S 
. or 

22. SI 

15.25 

1.5. 73 

13. 12 

M ill >, 33. 77 
4.75 
r. 72 

Tr. 

100.00 

li As K.o . 
cAsctirlMHiiiU'. 
/With ni.. alkalies, ecu. 

a By difference, 
fc Trace ni i>.Ov 
CO.IO AF CHftKlDHfc 

I. Limestone. Forest-Payroll mine. 
II. Alteration product or residue of above. 
III. Oxidized material of Nellie Blv vein. 

From the analysis in Column I, it appears that the limestone con
sists of about 70 per ecnt of calcium ctirlionate. with 30 per cent of 
siliceous and other impurities. The analysis in Column II shows that 
the alteration has consisted in the almost complete removal of the cal
cium carbonate and a strong hydration of the remaining constituents. 
The resultant product appenrs to he very largely residual in character, 
although probablj' modified by subsequently introduced material. In 
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the absence «,f knowledge ns to „)ass n.].lf;,„Ish;,, ,.)in,vnijlt(r 
the constanev 1,1 any or more oonstituenu. before and after the 
alteration. no .p.antitutivr comparison of tli.- analvses is possible The 
analysis Col.,,.,,, Ill is introduced for the sake of comparing the 
somewhat similar product resultinjrfrom the alteration of a ealeitie vein 

til".1'Plv>- blanket consists mainly of ^lena in various 
IVH~<S illt;'nitl,,n t-erussite ami and.-site. It occurs in small 
•od.es at the intersection of the blanket by northwesterlv.tissures It 
T wT";,V/"7,r MS !l ,li,Vrt r'"- limestone. 

of ''' t n '/'~Tla> S°"fl1 1>ark :,t fl"' "or,I,west base 
Nt a man 11,11. was unfortunately not accessible in In,,,. The 

ore is reported to have occurred partly in a l.lanket. in dark shales. If 
IMS , ue. tills l.lanket is the lowest known in Newman Hill .,nd 

lieXve sll,,,>t°f "'oiizonite-porphyrv. whileall theoihers 

sive" \\ [ 1 • N. Hill there is apparent Iv one e.xten-
• « blanket whirl, has been exploited in the Princeton. C H </ 

ellmo'ton. L^n. and Pigeon mines. .\|| k , f •* 

I ; R „ . 7 7  - -  *  

in 11)00, it occurred in -l l 1 !i "oikahle ore could be. seen 

s&sggBs : 
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• , i. > ,f (' II C Hill 1S associated with .•oi.M.l.-Ril.l.-
11|,- main blanket < These manges :»r.- pcr-

iiIti-nitii>ii "! ill" rock- ."tween w i > limestone which usually 
i i t tnflii-il in tli" Loiran nuii". 1"' 11,111 • . 

T 1, i" I I- nk". ha, 1."".. lanH.y attacked and. r".nov",l by .W 
|m i,.rlll., ' result its ui»!-r surtW" i> n-t I I." 
,,al 1™"-"*"*- * / ^tU1 in th" limestone is usually 

r-:;;::",' 
—• — 

. I „„/>/«> th. Win >»<><< 

*\V. K. U i 1 yi'-it. 'i 

|vr «c»tt. I •..loUtltctl' 

SS. Iw> ! 
SiO ; _ ; 

!M. l! T I 
;  A l - '  j  

! >"«•< i . . l::. To 
; 11.11 at 111" I ti I 

j ll .M iltliivr 11(1° t | 

I ' Total • 1W-1S j 

Th- <'vpsum is evidently formed directly fn.ni th" limestone by the 
art l<<n of solutions containing iron sulphate, derived from the ox.datm 
„f pvrito This is just the p.„""» that has heen suggested to account 
for th" massive bed of gypsum in Newman Hill Hut whereas there 
a,,- extensive bodie- of oxidized ore in the Newman 11.11 .u rns, 
the enormous bodies of oxidized and oxidizing pvr.te in U II. t. 
Hill have produced only a thin, earthy crust of gypsum, w m i 
probal.lv now dissolving as fast as it forms. u-mkvt 

\ , hemical analvsis of the limestone underlying the L. II. C. blanket 
in "the Logan mine is given below. It is an ordinary compact gray 
limestone, not unlike the so-called -short lime' of Newman Hill. 
The sample for analvsis was taken close to the gypsum crust the lint 
between altered and unaltered limestone being sharply dehnecl. 
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Amihini# nj I Hnrshu" I mm h«l<iu mint. 
[IV. K. llilU-lirniiil. iiiuiIvm; 

CiniMiliioiit. lvr wilt. 

ii 55.10 

/. 43.39 
.SO 

T race. 
.04 
.07 

i  c .  1 0  

; r. 13 
i'.03 
r.Oil 
r.25 

None. 

None. 

] Not ilft. 

A little, 
if Truce. 

Total 100.00 

n 0. u:i tint citrtMimii?. <- turlmiMic. 6 By difference. */A* |»yriiv. : 

The analysis shows that the limestone is notably pure, containing 
very little silica or alumina. It is of interest to tind that it contains 
appreciable amounts of manganese, copper, and zinc. The formation 
of halloysite in the neighborhood of the limestone must, in the light 
of the foregoing analysis, require the addition of alumina and silica 
from outside sources. 

The sandstone, unlike the limestone, is not directly soluble or con
vertible into soluble substances. Although in surface exposures it is 
greenish in color, throughout the C. H. (J. Hill mines it is prevailingly 
nearly white. Under the microscope it is seen to be composed chiefly 
of quartz and sericite, the latter minerul being probably derived in 
great part from former fragments of feldspar. This sandstone is 
usually hard and firm, but within a distance of a few feet above or 
below the blanket it is decomposed ton soft, white muss, containing 
small scattered flakes of sericite mica, and apparently preserving much 
of the granular structure of the sandstone. Kxamincd in powder 
under the microscope, this material is found to consist of a micaceous 
mineral in exceedingly minute scales, probably sericite, and numerous 
crystalline grains of peculiar form. These are short, stout spindles, 

CaO 
CO, 

SiOs 
Ti<),. 
A1,0, 

Ke,<>, 

KeO 
MnO 
CnO 
/.at) 

MirO 
Hat) 
SH > 
11.,Oat 110° C.... 
Jl,<> above 110" C 

1VV-
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with rough surfaces. smii a- might bo produced by tin- corrosion of 
minute. cioulily terminated crystal- of quartz. Those spindle- are usu
ally less than •». 1 mil), in length. Their optical behavior, so far as 
can be determined in such -null bodies, is that of quartz, and their 
hardness is at least 7 of Mob's scale. None of the original elastic 
quartz grains were detected in the altered material. Analyses of the 
altered and comparatively unaltered sandstone are given in the follow
ing table. The samples were taken only a few inches apart, but the 
two facies grade into each other: 

.•1 nahi*e* of *<ind*lanr and it* alteration firodioi /mm the /.<«/IIII mine. 

[\\. F. Hillebraml. nimtrsL] 

Ai  ,«  » ,  
Ke,< I, 
Kf< > 
M i l t )  

As: 

I'l, 

C u  

MliO 
CaU 

Na.1) 
K...O 
H , < »  a t  1 1 1 1 °  ( ' . . . .  

H..U above 110° ( '  

CO., 
!',< i, 
SO, 

Total 

II. 

sa.iis : ti-J. SS 
•i s. ec ' c.i.as 

.-IS | 

. i:: /. l.lhl 

Verv little. 
! . m i None or tr. 

Tr. j 
Tr. 1 
.117 ' •J. IX) 
. 1- .-10 
,(»ii .07 

a. in (i. 5}) 

< 1. on eh. 49 

Nolle. 
Nuiii-

. 5.1 

I 
tia. iiii ii>o.; 

6 As Fe*Os. r LLY UHIUIIMI n With Himt' Tili: 

I. Sandstone. 
II. Alteration product of above from same locality. 

These two analyses, as they stand, constitute a comparison hv unit-, 

weights. Such a comparison, however, is usually of little value in 

throwing light upon metasomatie changes, inasmuch as the latter nearly 

always involve change in specific gravity or in volume. Inspection of 

the analyses shows that if the percentages in Column II be divided 

by •!. the figures so obtained will indicate the preservation of a rough 

constancy in alumina, iron oxides, mugnesia. lime, and potash through

out the alteration of the rock. This can hardly be a mere coincidence.1 
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It at least indicates that the nietamorphisni has consisted chiefly in the 
removal of more than one-third of the silica of the original sandstone, 
the residual accumulation of the sericite. and diminution in volume. 
Partial mineralogical compositions may he very roughly val-ulatcil for 
the unaltered and altered sandstone as follows: 

*uinl.it'iiu. Alli'riilinh /irwind. 
I'errent. I tYnvnl. 

Quartz "3 ; Quartz 3S 
Scririlf .* -4 • Sericite 
Otlieriiiiner.il- 3 Liuionite. auitlestte. ami some liy-

ilruus inagiiesiuiu mineral — S 
Total 100 , Total UH> 

The occurrence of per cent of silver in the apparently little 
altered sandstone is a wholly unexpected feature brought out hy the 
analvsis in Column I. This percentage is et|iiivalent to ll.a ounces 
per ton. and indicates that a large amount of silver is prohahly dis
seminated through the country rock of (_\ II. C. Hill in the ncighbor-
liood of the hlankets. 

The jrreat extent to which oxidation has lieeti active in the (\ TI. (.'. 
blanket renders the interpretation of the foregoing alterations dilli-
cult. Both the limestone and the sandstone show changes attrihutahle 
to acid waters. The conditions for supplying surface waters with the 
necessary chemical activity are present wherever In rye bodies of 
pyrite are undergoing' oxidation. It is very prohahle that the altera
tions just described are comparatively recent phenomena which have 
obscured whatever mctamorphisn\accompanied the original deposition 
of the pyrite. 

As might be expected from its position in a great landslide mass, 
the C. H. C. blanket, as well as the rocks which inclose it. shows 
much disturbance. Small step-faults, letting the blanket down by 
successive drops to the southwest, are said to have been very common 
in the old stopes. while irregular fracturing is everywhere con
spicuous. 

In Addition to the main blanket of C. H. C. Hill, several blanket-
like masses of pyrite occur at other horizons in the stmtigraphic series. 
Three such bodies of crumbling pyrite, inclosed in shales, and aggre
gating over 50 feet in thickness, were passed through in the Crebec 
shaft before the main ore blanket was reached. Although nearer the 
surface than the latter, these pyritic bodies show almost no oxidation, 
and are too low in grade to be worked under present conditions. Sim 
ilar, but smaller, bodies were noted in the Logan mine, extending into 
beds of shale on the southwest side of the Pigeon lode. In the Pigeon 
mine a small local blanket was found below the main "contact,'' and 
carried a little ore on the southwest side of a northwesterly fissure. 
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Sonic ociicrou- vellow. so-called "carbonate ore. collected tiom tiii-
blanket. proved on chemical examination to lie rompo-eil mainl\ o! 
the hvdt'oiis sulphate of iron and potassium. known a» jaro-iie. A 
rhemieal analysis of tliis material i- «?iyen In-low. 

. 1n t t i ' i t f '  u t i i i s i l r  J r ' i t i t  1 ' i t j i ' i t i  n t l t t i .  

U  3  ] ! • . • s r . - i l j ' ! .  v - ' . "  

Ivr«vnt. 

Si( i  i  l i M ' s l i y  . 1 1 s o n z  •  

A l l  I ,  1 . 1 ' "  

Fc,i> 4:;. si 

ML 'I  I  Trace. 
( ; t l >  . 1 1 1 1  
Na M .lis 
K" 7.44 

II i i II. el 
I v.i I-

Si i, . -'s. i'i i 

Titlai !'l'. I'I 

The partieuiar sample analyzed ran not lie termed an ore. It \\a-
undoubtedly derived from the oxidalion of iron pyrite. but is interest-
inLr as showing? that considerable potash wa» probably present in sonic 

of the oxidizing? solutions. 
Still other relatively unimportant blankets, probably distinct from 

anv of those described, are found in the Lily 1). workings, on the lower 
slopes of C. H. C. Hill. 

Taking tbem as ti whole, the blankets of (.'. II. Hill present a 
striking? contrast to that of the Enterprise mine. The constant shale 
breccia, passing? below into the silty mixture of dolomite and celestitc. 
which is so characteristic of the hitter deposit, is absent in C- II. C. 
Hill, where the blankets appear to have been originally sheet-like or 
lenticular bodies, consisting? chiefly of pyrite. The Enterprise •"con
tact" is practically unoxidized. while the main blanket of C. II. C. 
Hill is almost wholly transformed to secondnry products, and its earlier 
history thereby obscured. Without such oxidation and secondary 
enrichment, however, the ore would probably have been too poor to 
extract. 

A. B. G. blanket.—On the west side of the. Dolores River a small 
blanket occurs in the A. B. (».. a prospect at Burns. This is composed 
of partly oxidized, crumbling? pyrite. aln>ut a foot in thickness. Iving? 
between the beds of the Lower Hernm-a, on the southwest side of the 

22 qeol, IT 2—01 10 
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over tin* northeasterly lode.-, ulway- "made" to one side nt tin- imrth-
westorlv fi—lire.-. u-uallv on tiir down-faulted side. I lie miner- in 
general corroborate tlii- statement. but there wa- no opportunit \ for 
continuing it at tin- tinir ot visit. 

Witli po.-siblv ono or two exception.-. which. however. arc no longiM-
upon t(> examination. tlx- lodes of Newman Hill do not extend above 
the blanket. The overlying rocks are much fractured and contain some 
unimportant vein-, which may have been formed at the same time as 
the lodes beneath the blanket, lint there is no good reason to suppose 
that they were ever continuous with the hitter. The upward limita
tion of the lodes by the ••contact" is a natural consequence of the 
sliirht faulting which accompanied the opening: of their fissure- and 
the viclding ri—ilc character of the beds in which the "contact" lies. 
If the lode- continued .in full strength up to the blanket and were 
there abruptlv out off it would i>e natural to suppose that they once 
extended to the surface and that their upper portions have been dis
placed bv'faultiiie. lint not only do tliev practically die out. a- lode-, 
lie lore the blanket is reached, but the relation- of the blunkcl ore to 
the lode-, of the blanket to the gypsum. and the nature of the blanket 
it.-elf all support the view that the latter has not been a plane of 
extensive or general faulting'. 

In the i*uion-( afbonate and Kore-t-I'avroll mines the blanket ore i-
eonnectecl with north westerly fissures which apparently pa— through 
the blanket- without interruption. Whether or no the fissure.- are 
sliifhtlv faulted a- they traverse the blankets could not bo satisfac
torily determined with the available exposures. The prevalent oxida
tion in these mines and the recent -lipping: along: the lodes, as attested 
bv the pre-enec of grouse, tend to obscure the original relationship 
between lode anil blanket. 

In (.'. H. C. Hill the mineralization of the main blanket and of most 
of the smaller ones has plainly emanated front the grrcat l'igreon-Hlack-
huwk lode. Here, too, subsequent movement and oxidation have 
obscured the detnils of original connection. In this case the blanket 
i- without much doubt considerably faulted by this lode, but it is 
impossible to say how much of the faulting took place before and how 
much after mineralization. All the ore so far extracted from the 
blankets of C. H. C. Hill has occurred on the southwest side of the 
Pigeon-Blackbawk lode. On the northeast side of the lode the blanket 
horizon was probably dropped by the original fault. But how far its 
position has since been changed by later movement, including land-
sliding. is not known. 

The blanket ore of the C. V. G. mine at Burns is evidently con
nected with the northwesterly lode lying northeast of it, but the 
connection is not exposed. 
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In tin' Sambo mini' tin- blanket i- continiiou- with a lode which 
faults tin- Lower Ilcrmosa beds to the extent ol at U':i»t 4 teet. As 
shown in tie. <t4. page Stiti. lilanki't ami loili- are directly connected. 
Thf ore occurs on thr southwest sale ol the loile ami extends into the 
blanket for a maximum distance of about 8u teet. 

HKJM.ACKMKNTS IN I.IMKSTOXK. 

The principal examples of this form of ore deposition are found in 
the Blaekhawk. Iron, and probably, also, the '1'uxzlc mines. I he 
Atlantic ( able and other prospects in the Ouray limestone north of 
Kirn must also lie placed in the same category. 

In the Ulaekhawk the replacement ore bodies occur on the north
east side of a lode belonging to the Klackhawk fault zone. They 
have irregularly replaced a bed of massive limestone belonging near 
the top of the Middle Hermosa and dipping' away irom the lode to the 
northeast at an ancle of about -•"> . 1 hey attain a thickness o| more 
than I"- feet and extend to a maximum distance of ho or no feet from 
the lode. These bodies are composed in great part ol massive pyrite 
of no present value, in which lie irregular bodies of workable ore. 
Tin lu st of this consists of line-grained galena. chalcojiyrite. and 
pvriie in a gangne of fluorite. Such ore crudes toward its periphery 
into lower crude ore. large quantities ol which are still standing in 
the mine. This is composed of massive compact-sphalerite and galena, 
with a little ehaleopyritc. and practically no gangue. This ore in 
turn passes into enormous masses of nearly pure worthless pyrite or 
is directly inclosed in limestone. 

Asa rule, there is no sharp boundary between limestone and ore. 
The latter sometimes penetrates the white granular limestone in small 
bunches, hut more often the limestone next the ore is chanced to 
jasporoid. 

For a fuller characterization of this deposit the reader is referred 
to tiie detailed description of the Blackhawk mine, on paces 8(18 to 378. 
The deposit is an ordinary case of simple metasomutic replacement 
which has extended outward from a lode fissure. 

Similar in character is the occurrence of the ore in the Iron mine. 
Here Middle Hermosa limestones are partly replaced by ore on both 
sides of u lode which does not noticeably fault the beds. In the Iron 
mine the workable ore extends less than 12 feet from the lode, exeept 
in some cases where replacement has worked out alone minor fissures 
in the limestone. The ore is usually massive, consisting chiefly of 
pyrite and cbalcopyritc, with more or less calcite and quartz as gangue. 
It is of low grade. The ore has replaced the limestone directly, with 
little or no formation of jasperoid. 

The mode of occurrence of the ore in the l'uzzlc mine is at present 
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not directly determinable. It appcar>. however. to have boon an 
irregular replacement of limestone l>v :i silircon-ore containing argen-
tite or other rieh silver minerals. The ore oeeurrod in a landslide 
block. and it is nut known in.whnt manner the replacement was brought 
about—whether the solutions emanated directly from a lode, or whether 
they found aeeess. hy various channels, to a breeciateil zone or bed-
dint: fault immediately above the limestone. 

In the Atlantic Cable and neighboring prospects, the Ourav lime
stone has liren most irregularly replaced by more or less isolated 
hum-lie.- of ore of various sizes. The de|N>sition of this ore was 
clos. lv . onnected with a metninorphism of the limestone jrivinjr rise 
to eldorite. opidote. gurnet, and wollastonite. as deserilanl on page 35)5. 
The ore i-onsists chiefly of sphalerite, ehaleopyrite. and galena. asso
ciated witii much specnlarite. It is not visibly eonneeted with tiny 
parent lod.- or li-sure. 

STOCKS 

Tin-only examples of this form of deposit known in the Rico district 
are in the Johnny Iinll and Gold Anchor mines, at the head of Horse 
Cre. k. These, however. are individually of -mall importance and are 
but poor representatives of a type wliieh linds much lictter exemplifi
cation in the stocks of the lied Mountain district in the San Juan 
Mountains. 

The Johnny Bull stock has a diameter of lo or 15 feet, and n depth 
of about life feet. It was inclosed in tine-grained sandstone of the 
Dolores formation, which is here cut by several dikes and irregular 
intrusions of porphyry. The ore. consisting of enargite, pyritc. free 
gold, and probably other minerals, was deposited largely by replaee
ment of the sandstone, which is silicitied and impregnated with pyrite 
in the vicinity of the former ore body. 

A similar smaller stock, consisting chiefly of pyritc. occurs at a 
ower level in the Gold Anchor mine, nearly under the .Johnny Bull. 

GENESIS OF T1IE DUE DEPOSITS. 

If the preceding account of the ore deposits of the Rico district 
clearly and truthfully sketches their essential features, the statement 
that they are genetically connected with the present geological struc
ture of the region requires no further demonstration. But it remains 
to investigate this general and fundamental connection more closely, 
in order to properly discriminate and distribute the various effects 
traceable to one common source—the geological revolution through 
which beds, once nearly horizontal, have been elevated into n fissured 
dome, and subsequently carved by erosion into the topographic forms 
known us the Rico Mountains. 
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The  ve r t i c a l  ex t en t  <>f  t i n -  o r i g ina l  R i co  up l i f t  i -  <  - l ima i t - d  I n  ( r o 
und  Spence r '  : i t  : i I » i t 11  4 . . "> ' » •>  I ' e e t .  A  mino r  pa r i  o f  t i n*  e l eva t i on .  : i t  
l e a s t  8«>U f e e t ,  i -  connec t ed  w i th  t he  i n t ru s ion  o t  - l i c e t -  o f  po rphy ry  
be tw een  t he  bed -  o f  t i n -  - ed in t e n t a r v  s e r i e s .  Hu t  t he  ma jo r  pa r i  o f  
t he  up l i f t  was  subsequen t  t o  t he se  i n t r u s ions ,  and  wa>  a s soc i a t ed  w i th  
p ro found  f a u l t i ng .  showing  " t he  ac t i on  a t  t h i s  c en t e r  o f  a  power fu l  
ve r t i c a l  up th ru s t  wh i ch  i s  no t  demons t r ab ly  connec t ed  w i th  i gneous  

i n t r u s i o n . " '  
Fu l l e r  d i s cus s ion  o f  t he  o r i g in  o f  t he  up l i f t  i s  de f e r r ed  hy  t he se  

w r i t e r . -  un t i l  t h e  movemen t s  o f  t he  San  . l uan  r eg ion  a s  a  wh o le  sha l l  
have  be e n  f u r t he r  s t ud i ed .  

Tha t  t he  o r e  de po - i t um i s  ch i e f l y  connec t ed  w i th  t he  l a t e r  phase s  
o f  up l i f t  i -  - l i own  by  t he  f ac t  t ha t  t he  i n t ru s ive  po rphy r i e s  a r e  t hem
se lve s  t r ave r s ed  by  h id e s ,  and  a r e  i n v a r i ab l y  mine ra l i z ed  when  oc c u r - ,  
r i ng  in  con t ac t  w i t h  o r e  bod i e s .  Hu t  i t  i s  p r obab l e  t ha t  some  o f  t he  

' cond i t i ons  l uvo rnb l i -  t o  t he  occ u r r e nc e  o f  o r e  bod i e s  we re  i n i t i a t ed  
du r ing .  o r  e \ e n  b r tm-c .  t h e  ea r l i e r  s t age s  o f  t he  up l i t t .  I ' l i i -  i -  p a r 
t i cu l a r l y  t r ue  o f  ( he  b l anke t - ,  wh i ch  Cros s  and  Spence r  have  d i s cus sed  
t o  some  ex t en t  unde r  t i n -  b en d ing  o f  "  Hcd d in g '  f au l t s ;  t ha t  i s .  d i s l o 
ca t i on -  wh ich  fo l l ow  p l a in - -  o f  s t r a t i f i c a t i on .  I t  w i l !  In -  we l l ,  t i r s t .  t o  
cons ide r  b r i e f l y  t i n -  immed ia t e  c ause s  wh ich  l ed  t o  t he  fo rma t i o n  o f  
i n d iv i dua l  b l anke t s ,  am i .  a f t e rwa rds ,  t o  de t e rmine  t he  r e l a t i on  o f  t he se  
d i r ec t  and  loca l  man i f e s t a t i ons  o f  a c t i v i t y  t o  t he  ge ne ra l  geo log i ca l  
h i s t o ry  o f  t he  r eg ion .  

ORIGIN OF  T HE  BLANKETS.  

Study of the Knterprisc blanket, ha- continued the general suggestion 
tentatively thrown out by Spencer, that it is due essentially to the 
removal by solution of a massive bed of gypsum whieh may have been 
from 15 to 3<» feet in thickness. As the gypsum has not dissolved at 
an equal late throughout, and has been largely attacked from below, 
with the consequent formation of caverns, the overlying beds must 
have subsided unevenly as the gypsum was removed, and were prob
ably often let down abruptly by the enlargement and final collapse of 
caverns of solution in the under side of the bed. Nearly all stages of 
the process may yet be seen in the Newman Hill mines, from the usual' 
••contact," with no remaining gypsum, to a thick l>ed of the latter, 
showing (at least on its under surface, which alone is visible) places 
where solution has not yet been active. This irregular subsidence, 
proceeding at different rates at different times, throughout the area 
now occupied by the blanket, is amply sufficient to account for the 
hrecciation of the overlying shale and for the generally shattered 
character of the rock up to the base of the wash covering Newman 

1 . ell.. I*. '-"2 •Croxs Hint r. !••*-. c»l., j». 112. 



29»i HKK DKI'oSIT'" <»K RICO MoO'TAINs, CiiLOKADO. 

Hill. Indeed. the results <»t' tlii- subsidenre rind partial expression in 
the present topngraphie form of Newinun Hill. 

Tlmt more or less movement has taken plare in the uia» of shale 
breccia precipitated upon the soft, pulverulent residue of the gypsum 
is well shown by the occurrence within it of irregular >eatn> of gouge. 
Such movement is prolwhlv still in progress, but it is ehieHy local 
in character, due to varying adjustments, under gnivitative stress, 
within the plastic mass. It can not be ascertained that any genera' 
faulting has taken place along this soft and struetundly weak zone. 
Such faulting, if it occurred, has certainly not been extensive, and its 
assumption is not necessary to account for the brecciation. The lack 
of general faulting along the zone of such apparent weakness i< proba
bly to be accounted for by the load character of the blanket, its warjh'd 
form, and the occurrence of solid masses of undissolved gypsum, all 
of which would tend to prevent general slipping. 

As the gvpsuni was dejsisited in (darlwmiferous time. it> solution 
may have begun at an early date; but it was probably luueh acceler
ated. if not initiated, by the original doming of the forks coincident 
with the intrusion of sheets of porphyry between the bed>. The later 
fracturing, which was associated with the final stage of uplift, must 
have still further hastened the process of removal by allowing to 
underground waters, heated by the intruded m:i>-i-- of igneous rock, 
a more active circulation. 

The upper blanket of the Forest-Fayroll mine is somewhat analogous 
in origin to that of the Enterprise. It is due in great measure to the 
local solution of a bed of limestone, and the consequent letting down 
of the overlying shales. In this aise-the residue of the limestone is a 
sooty material containing much oxide of manganese. Owing to the 
prevalent oxidation in this mine, it is impossible to determine whether 
the ore was originally deposited in the limestone before its solution. 
Apparently it was not. 

Of still different origin are certain of the lesser '•contacts" studied 
in the Union-Carbonate mine. In these the process has been purely 
chemical. Certain beds of shale have been wholly or practically 
altered to a soft, ferruginous, clay-like mass containing some oxidized 
ore. The fact that some of these soft zones are cut by dikes or por
phyry (intruded prior to the alteration) which have not been fractured 
or displaced shows that th^ir formation is unconnected with faulting 
along planes of bedding. 

The genesis of the main blanket of C. H. C. Hill is not perfectly 
clear, owing to later oxidation and disturbance. It was evidently origi
nally a large body of low-grade pyrite which has undergone oxidation 
and a concentration of its valuable constituents. This pyrite appar
ently occurred in large part as a metosomatic replacement of shale, 
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lime-tniic. and sandstone. Hut whether tlii- replacement was |•• i.•» 1 
I>v lii'iMviatiuii i> not known. 

There arc. however, a number of blanket- in the (iistriet.. such a-
tliosr found in the .Sambo. (ireal Western. llancroft. Silver Swan. Little 
Magg-ie. and New Year mine.-, anil probably tin' main " eontaet ol 
the rnion-Carlionate mini', which -eem to owe their existence chiefly 
t<> bedding fault-. It ean not lie positively a(firmed. however, that all 
of tlie blankets named are purely fault hreeeias. It is quite possible 
that some of them may have I initiated hy the solution of gypsum. 
a- in Newman Hill, and the trace- of sueii genesis have lieen obliter
ated liy -ul»-eipient movement. 

The -tratiirraphie condition- under wliieh. in this region, such l>ree-
i iation ha- taken place are fairly constant. The tissile black shale- of 
the Lower llenno-a are the rocks usually involved, not only by rea-on 
of their iutrin-ic weakness, but on account ot their present distribu
tion with reference to the center of orographic movement. Such 
-hale- are particularlv susceptible to breccia!ion near their eontaet 
with - mir more rigid member of the lilhological -eric-, such as a-licet 
ol porphvrv. or massive bed- of sandstone or limestone. When the 
bed o| -bale •- relativelv thin, and is inclosed between the massive 
-traia. ii i- often entirelv reduced to breccia. I hat the actual relative 
niowtneiil of the stronger bed- lieed not be very great to produce 
breccia) ion in the shales between them i- well illustrated in the Kico-
A-pen mine, near the Silver trlanee -haft. Some of the shales below 
the blanket limestone. lying between thin beds of sandstone, are here 
locally folded and crumbled to the verge of hreeciation. while the 
sandstone above and below them are undisturbed, and the crumpling 
it-elf ha- no great horizontal extent. Similar incipient "contacts" in 
variou- stages of development were noted in the Little Maggie and 
other mine-. often having but small horizontal extent, and plainly 
formed by only slight movements along planes of bedding. 

A part of the necessary movement probably took place at the time 
of the initial doming of the beds by laecolithic porphyry intrusions. 
Hut the greater part, and obviously that which produced breeciation 
along the contacts between porphyry and shale, must have been 
effected when the final elevation was given to the dome by upthrust 
and faulting, and the rocks accommodated themselves to their new 
positions by slips along the bedding planes. 

ORIGIN OF THE LODE FISSURES. 

It is to this general period of later orogenic movement that the pres
ent fissure systems of the region belong. Such earlier fractures as 
mat" have resulted from the first relatively gentle doming were prob
ably superficial in character over the central region of the dome and 
have been lurgely removed by erosion. The more deep-seated fissures 
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which presumable opened beneath tin* thinks of tin' uplift won1 in all 
likelihood tilled with tliko- at tin- jierind of lueeolithie intrusion. It 
is to tin' later fractures. which travewd tin- solidified masses of lnon-
zonite-purplivrv. and which served as channels through which ore-l»e:ir-
in«r solutions could penetrate to tlie blankets, that the ore deposits are 
really due. 

That tne rissurintr did not all take place at one time is shown by the 
fact that many of the lodes, particularly northwesterly lodes, show 
evidence of repeated opening: that the northwesterly fissures of New
man Hill, although probably initiated at the same time as the north
easterly lissnres. subsequently faulted the former in several instances; 
and that the fissures of the Pho'iiix and Iron veins are apparently 
younger than the Nellie Bly fault. In fact, it is only necessary to 
study sueli hales as the Aztec or (.'alumct. or the northwesterly hales 
of Newman 11 ill. to see that movement along existing: nearly vertical 
plain's of weakness has continued to a very recent date. 

< tin- of the striking generalizations afforded hy the study of tin* dis
trict law l>con the lack of coincidence between those fault fissures of 
such extent as to appear as." structural faults" and the lotl" fissures. 
( ro-s and Spencer, in their remarkably successful elucidation of a 
most dillieult field, have to some extent obscured this distinction, 
through their procedure, not unnatural in such a region, of identifying 
a fault required by their interpretation of the geological structure, 
with the nearest lode of like trend exposed on the ground. An unfor
tunate result of their terminology is an apparent confusion of the 
Nellie Illy fault with the Nellie illy vein. and. in consequence, of the 
latter vein with the Aztec lode.1 Less important is the supposed 
identity of the Last Chance fault with the Last Chance lode, inas
much as lode and fault are in this case certainly very closely related. 
That some faulting has taken place along lodes, both before and after 
their filling, is of course undeniable. But the great fault fissures of 
the district, numerous as they arc. apparently nowhere carry workable 
bodies of ore. and are certainly only to a minor extent coincident with 
veins. The northeasterly veins of Newman Hill, and less certainly 
the northwesterly veins of Nigger Baby Hill, show that the favorable 
channels for ore deposition were not the great fault fissures which 
gave the district its final structure, but were clean, open fractures of 
but slight tangential displacement. Such fissures show no clear evi
dence of horizontal compressive stress. Thev are, so far as faulting 
has taken place, in the main, normal faults. It is believed, although 
not entirely demonstrable, that they represent the relatively slight 
readjustments necessary to restore the rocks to gravitative equilibrium 
after the greater faults bad determined the main structures of the 
region. 

1 Crosa and spcnccr, lot. UIL, p. ll'J. 
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PAY SHOOTS. 
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- striking a fcimire 

in denth to which the ore extended m each ease. . 
Various hypotheses have suggested themselves ,n explanation of this 

phenomenon. Difference in the country rock can not he appealed t| 
for both sets of lodes traverse the same beds, l-or the same mispn. 
differences in pressure and temperature can scarcely have been i">l*>>-
tant factors. If, however, the northwesterly lodes are in the mum 
later than the northeasterly, it is inevitable, from what is known of^ito 
origin, that some change in the overlying blanket must havei takep 
pE„ the interval. It is possible that this change may have been 
a character to influence ore deposition. . . , 

It has been thought possible that at the time the northwesterh odes 
were being formed the gvpsum may have been only in small pat t fs-
solved. In such case the blanket ore may have lieen 
deposited chiefly as a replacement of gypsum, a pro,-ess which is known 
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to have operated in .-time j M  »rt i« H »- of tin- blanket /H I H -. (lie m-e-licnr-
ing solution-, checked by tin- gypsum overlying tin- lode-. .uid not 
finding in tin- -low process of mctasnmutic repimeneml sufficient 
opportunitv for tin- dejiosition of their metalliferous content.-. may 
have encountered iu the KjijK?r portions *»f the li-surcs conditions 
favorablc to the dejmsition of ore. One sueli General condition of ore 
deposition is believed to l»e sluggishness of circulatory motion in the 
ore-bearing solution-. 

I f  m ine ra l i z a t i on  t h ro u g h  mi r t h  wes t e r l y  f i s su r e s  was  o f  l a t e r  da t e ,  
i t  i s  eonce iva l i l e  t l i a t  t h e  more  comple t e  r emova l  o f  t he  gypsum may  
h av e  g iven  a l l  o f  t he  o r e  a n  o p p o r t u n i t y  f o r  depos i t i on  i u  t he  unc on 
so l i da t ed  b l anke t  ma t e r i a l .  

If the foregoing- hypothesis is correct, sonic structural evidence for 
it might l»e exjiecteil in the ore of the northeasterly pay shoots of the 
blanket. I iifortunatelv. however, all of the known ore has been 
mined out. 

i t  ha s  be e n  p r o v in i i . - l v  po in t ed  ou t  t ha t  so me  g rounds  ex i s t  t o r  s up 
pos ing  t ha t  t he  no r thwes t e r l y  t i s su r e s .  wh i l e  i n i t i a t ed  a t  - ub - iu i i t i u l l y  
t he  s ame  t ime  a s  t he  no r thea s t e r l y  t i s su r e s .  d i d  no t  g ap e  open  u n t i l  a  
l a t e r  da l e ,  an d  t ha t  s uch  open ing  was  g r adua l  and  i n t e rmi t t en t .  Th i s  
- u g g e - t - .  a -  a  s econd  h y p o the s i s ,  t ha t  t h e  b l anke t  o r e  may  h av e  a l l  
been  f o rmed  a t  t he  s am e  t ime ,  be f o r e  t i n *  l u l l  open ing  o f  t h e  no r th -
we . - t e r l v  f r a c tu r e - ,  and  t ha t  t he  nonoccu r r ence  o f  o r e  i n  t he  n o r th 
w es t e r l y  f i s su r e s  i -  d im  t o  t he i r  c on t r a c t e d  open ings  a t  t he  t ime  o f  
o r e  depos i t i on .  

Of the two hypotheses advanced, the former is regarded as more 
proliable. But it is admittedly not much more than a suggestion. of 
which no demonstration can lie made under existing conditions. But 
whichever one is in cepted requires to be supplemented by further con
siderations relating to the chemical causes of precipitation before it 
can be rewarded as complete. 

Rickard1 has advanced the view that the precipitation of the ore was 
effected by the "graphite" in the shnles. In spite of the experiments 
recorded by him. in which silver and gold were artificially precipitated 
from solution by fragments of this shale, such direct and simple pre
cipitation has evidently not taken place in nature. The ore. as has 
been shown, is not particularly associated with the shales, either in the 
lodes or in the blanket. In the former it is more commonly found 
between walls of -sandstone, and in the latter it occurs mainly as a 
replacement of the pulverulent residue of the gypsum. 

The view that those ore bodies showing a marked decrease in valuable 
sulphides with depth, and passing finally into practically barren pyrite, 
are due to the action of both ascending and descending solutions bus 
come to lie widely accepted, largely through its forcible presentation 

1 Ux-. eit.. p.OTT. 
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I n  Van  I I i . - r . !  T in •  Newman  I l i l l  p ay  - in»<>1  -  appea r to  cons t i t u t e  ~I  r i k -
i j i n -  ex amp le -  i ' l  H I T  bod i e s  ( h i e  t «>  t i n '  m ing l i ng  " t  » « » lu t i o i i s .  I  l i n t  t h e  
pu re lv  a»ccnd i i i g  - oh i t i ons  r i s i ng  t h rough  1  l i e  l i - s i i r e s  o f  t h i>  r e g ion  
have  no rma l lv  depo - i t ed  on ly  l ow-g rade  py r i t i c  o r e -  i s  ab u n d an t l y  
exempl i i h ' d  t h roughou t  t he  d i s t r i c t .  Hu t  - i n - l i  s o lu t i ons  a s c e nd i ng  i n  
t l i c  r i—ui"«un t i l ' ! -  t i n '  En t e r p r i s e  b l anke t  no t  on ly  fo u n d  t he i r  upward  
p ron to - -  ba r r ed  bv  t i n -  impe rv ious  sha l e . - above .  I nn  en t e r ed  a  mark 
ed  1 \ '  j i o i ' o i i - .  un i -o i i so l i da t i ' d  zone ,  t r av e r s ed  by  l a t e r a l l y  mov ing  so lu 
t i ons  w l i i i  h  mus t  t l i en .  a s  now.  have  e a r r i e d  cons ide r ab l e  e a l e i um su l 
pha t e  i n  so lu t i on .  Too  l i t t l e  va n  l i e  l e a r ned  o f  t he  e l i emiea l  n a tu r e  o f  
t he  l i s -u r e -o lu t i o i i s  t o  de t e rmine  whe the r  t he  ea l e i um su lpha t e  a e t ed  
a s  t i n -  p i ve ip i t an t .  Hu t  t ha t  t he  p r ee ip i t a t i on  was  due .  a t  l e a s t  i n  pa r t ,  
t o  in i i e j - l i i t e -  s o lu t i ons  a n i l  - no t  en t i r e l y  t o  me ta soma t i e  r e ] ) l a eemen t  
w i th in  l i t e  b l anke t  i s  i nd i ea t ed  hy  t he  f a i  t  t h a t  t he  o r e s  ex t end  l i e l ow  
t he  l a t t e :  l o r  O U T  l oo  j n  t l i « •  no r t hea s t e r l y  l odes .  I t  i s  t hu s  s een  
t ha t  t i n -  d ep th  t o  whieh  de pos i t i on  o f  p av  o r e  ex t ended  in  t he  l odes  
l uav  i i a i e  i "  i  n  . l e h  i  n i ined  hy  t he  e i | u i l i h | - i u i l i  h e tween  t he  a - cend ing  
s o l u t i o n -  i n  l i e  l o d e  I 1 - - 1 1  r e - and  t he  l a l e r a l l v  de - r end ing  so lu t i ons  i n  
t he  b l a n k e t .  hv i i i e n i l y  i f  t h e  l ode  t i - sn r e -  we re  sma l l ,  and  t i l l ed  w i th  
so lu t i on -  nee  in o  upward  unde r  eous ide r ahh - ' head ,  a l l  t h e  o r e  wou ld  
he  < | e |  1 0 - i | . - i !  i n  I  l i e  b l anke t .  

Tu rn ing  Mow t o  the other known h l a nke l -  in the distriet. we lind 
that none oi them have contained sueh large or rieli pay shoots as the 
Enterprise blanket. With the exception of an oxidized lode in the 
lTii"n-i ariionate mine, the fissures through whieh the mineralization 
of th'-sr blankets has taken place are barren, or contain only a little 
low-grade ore. It is evident that the conditions for ore deposition in 
the Enterprise blanket wore unusually favorable, and were determined 
in varying degree by the following peculiarities, which are not found 
associated toeethei in any other blanket known in the distriet: (1) The 
underlying blanket limestone; (2) the gypsum and its pulverulent 
residue: (3) the overlying, nearly impervious, bed of black shale: and 
(4) the Upward termination of the lodes at the blanket horizon. But 
although no one of the other blankets possesses all these advantageous 
attributes, yet they illustrate the general fact that in this region, 
ignoring for the present replacement deposits in limestone, large 
bodies of workable sulphide ores occur only where the solutions in 
the lode ti>>ure- have had opportunity to mingle with laterally moving 
solutions in a blanket. The extent and richness of the deposit depend 
largely upon the numlicr of favorable conditions enumerated above 
which are present in any one case. 

A similar statement may be made with regard to replacement depos
its in limestone. I^odc fissures which ordinnrilv carrv no pav ore nrc 

1 Some principle- controlling the deposition of ores: Tmn.-. An., Inst. .Win. Kng., Vol XXX 1900, pp. 27-170. 



f»Ki: DKl'OSITS «>K KII'M M'H'XTAIXS. rOLOKAJH>. 

friMjiKMitiv ronnrrtril witli IH H H O> *>t w*>rU;i'*Ii' on* in iu 
the Bluckhuwk ami Iron mines. In *ucli «'ase> I In- concentration, 
which lia- enabled solutions ordinarily capable of depositing only low-
grade pvritic ore to form relatively ri«*li sulphide masses. Iia> Ween 
ellfi ictl not so clearly by mingling of solutions as I>v the process, 
prolmblv in large part seleetive. of iiietusomatie displacement. 

SOURCE OK THE ORES. 

The on-s of the liico district wen- extracted from the rocks by 
aqueous solutions and concentrated umler the conditions already 
described. In this, as in many other regions, stratigrnphic disturb-
ancc. igneous intrusion, and ore dejHisition have Wren genetically con-
neeted. The ore-bearing solutions undoubtedly owe much ot their 
efficiency in gathering. transporting, and depositing the ore constitu
ents to heat derived from igneous activity. That some of this heat 
still remains is indicated by the thermal character of the water issuing 
from tin- west Wnsr of Ni*™!*'!* Bubv Hill. It i- possible, although n<»t 
clearly indicated, that jiiicumalolvtie emanation* (i. c.. gaseous pro-
duets given oil at high tenqicratiire) from the cooling masses of intru
sive ninnznnite-porphyry may have increased the chemical activity of 
the originally meteoric water. Hut the known porphyry masses had 
certainlv solidified and probably lost much of their initial heat before 
the ores were deposited. Moreover, liad pneumatolysis been an 
efficient factor in ore deposition, we should exjHTt to find the ores 
unmistakably related, both iu genesis and position, to the ]x>rphyrv 
masses. No such close relationship is apparent, unless the exceptional 
ore Iwidies in the Atlantic Cable and ncig-hboring claims may be con
sidered as indicating it. 

The actual chemical character of these solutions is not readily 
determinable. Their action UIXJII the sedimentary rocks which usually 
form the walls of the fissures is. with a few exemptions, inconspicuous 
and often obscured by secondary alteration. The presence of abundant 
calcite in the lodes of Nigger Baby Hill and of rhodochrosite in the 
upper part of the northeasterly lodes of Newman Hill indicates that the 
solutions contained carbonates, possibly alkaline carbonates. But the 
strong silicification of porphyry alongside of the Moliawk and Marriage 
Stake fissures points rather to the action of acid waters. It is possible 
that the waters ascending in the lode fissures were acid in character, 
but were modified by mingling with descending waters, the change 
from acid waters depositing quartz and pvrite to curlxuinte waters 
depositing calcite and rhodochrosite corresponding in general to the 
deposition of pay ore. 

Equally impossible of definite answer is the question of the par
ticular rocks and the precise depth from which the ores were derived, 
but it is believed that all of the rocks, particularly from the top of the 
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Hi i - . .  f o rma t ion  dow n .  h av e  • - • • H I r i bu i ed  -« 'H K -  i i • •  i . >u~  • - •  m<- i  i I  
t o  t i l e  O I V  —  .  0 . > 1  I I V  t lm  na r rowly  > 1 1  t i i H•< I .  ; i >  : i . i . - n 1 1 .  p ro . . — 
k n o wn  a -  " l a t e r a l  s ec r e t i on . "  bu t  l »y  t i n -  e .mren i ru i i oh .  i n  f avo rab l e  
l oca l i t i e s ,  o f  ma t . ' r i a l s  w ide ly  . I r a wn .  f r om the  rock -  o f  I  I n -  . l i s l n r l « '< l  
r eg ion .  an d  o f t en  r i  a . - l i i i i -  t h e  po in t  o f  t l a - i r  t i na l  . i . p o - i i  i on  a f t . - i  a  
r o u ndabou t  j ou rney  t« .  . l . - j . t l i -  f a r  be low  any  eve r  l i ke ly  t o  l»e  r e ached  

I i v  m i n i ng  ope ra t i on . - .  
Tha t  sma l l  amoun t -  o f  t he  heavy  me ta l -  a r e  a t  [ . r e s en t  w ide ly  

d i s t r i bu t ed  i n  t h e  rock . -  o f  t h e  K i rn  r eg ion .  even  wh en  t he  l a t t e r  - how 
no  v i s i b l e  s i gns  o f  m im - ru l i / a t i on  snb -e i j i i e i i t  t o  t he i r  d ep o s i t i o n .  i s  
- l i own  l > \ '  s eve r a l  o f  t i n -  ehemiea l  an a l y s e s  made  t o r  t h i -  r epo r t .  1  l i t i s ,  
t h e  l imes tone  f rom the  Fo re s t -Pay ro l l  m ine  a tVor . l -  t a i n t  t r a ce -  o f  
z i nc  an d  coppe r .  L i m e s t one  f rom the  Lo g an  mine  con t a in s  o . t i : ;  p e r  
c e n t  o f  coppe r  ox ide  an d  o .o : >  p e r  c e n t  o f  z i n c  ox ide ,  w h i l e  s an d s to n e  
f rom  the  s ame  mine  y i e ld s  t r a ce s  o f  l e ad  ami  coppe r  and  o .o )  pe r  cen t  
o f  s i l ve r .  K e e n  t he  ma—iv  <•  g ypsum  f rom the  H i eo -Aspen  mine  -hows  
a  f a in t  t r a ce  o f  - n i ne  me ta l  p r ec i p i t a t ed  by  hyd rogen  -n lph i . l e .  A l l  
o f  t he  spe c ime n-  an a l v / c l .  howe ve r ,  c am e  f rom the  v i e i n i t v  >>l  o r e  
bod i e s ,  an d  t he  i n t  r o . l ue t i on  o f  heavy  me ta l s  i n  sn l l i e i en t  . | t t : i n l i t y  t o  
be  r e . - . i on i zed  i n  a n  o rd ina ry  eh emiea l  ana ly s i s  i -  p r obab l y  connec t ed  
w i th  t he  fo rma t ion  o f  t i n -  n e ighbo r i ng  o r e  bod i e - .  The re  a r e .  how
e ve r .  no  known  c r i t e r i a  f o r  de t e rm in in g  whe the r  m in u t e  t r a ce -  o f  
heavv  me t a l s  f ound  in  s ed i men ta ry  l ocks  a r e  o r i g ina l  o r  have  been  
s i i b se . | i i en t  I v  i n t roduced .  

The  fo rma t ion  o f  t he  o r e  o f  t he  A t l an t i c  Cab l e  and  ne i ghbo r i ng  
c l a ims  i . - ev iden t l y  connec t ed  w i th  i n t ense  con t ac t  me tu inn r ph i sn i . -  a s  
shown  by  t he  [K i r aeenes i -o f  t he  o r e  mine ra l s  and  t he i r  e l o - e  a s soc i a t i on  
w i th  ga rne t .  wo l l a s ton i t e .  v . - suv i an i t e .  py roxene ,  ch lo r i t e ,  t t m l  e p ido t e .  
Th e  cause  o f  t h i s  n i c t a i n o rp h i s m  i s  no t  ( de a r .  I t  i s  p r o b a b l y -  t r a ceab l e ,  
howeve r ,  t o  t he  i n t ru s ive  mass  o f  monz on i t e  be t we e n  I ron  I ) r a w  and  
Az t e c  Gu lch ,  o r  pos s ib ly  t o  s ome  igne ous  mass  w h ic h  ha s  been  r e m ove d  
by  e ro s i on .  

GEOLOGICAL AGE OF TIIE ORE DEPOSITS. 

The age of the ore deposits can not be determined from a study of 
the Rico district alone. They are plainly subsequent to the doming 
and faulting of the region, but no definite date is assigned to these 
structures by Cross and Spencer. A tentative conclusion, however, 
may be drawn front the similarity in character between the monzonite 
of the Rico district and thnt of the Telluride and Silverton regions. 
It may be assumed as probable that the monzonitic intrusions of the 
San Juan Mountains and Rico Mountains, only a few miles apart, are 
referable to the same general period of igneous activity. In the San 
Juan the monzonite stocks cut the Telluride conglomerate (Eocene?) 
and the overlying volcanic series. Their intrusion probably took place 
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in late Tertiary linn-. This relation indicate-; dial I in- ore ili'|N>sj|. of 
Kieo are roughly of tin- same age as tlio>e of tin' San .luan Mountain*, 
probably late Tertiary ami ja»sil»ly extending into tin- Pleistocene. 

V.'.M'K or TIIK OUKS. 

The great hulk <>f the ore produced in the Kieo (listriet lias IK'OH 
shipped crude. or smelted in ltieo without previous mechanical roil-
cent ration, t'oiiseipieiitly the ore handled has heen of rather high 
grade. Ore worth about sk'jo a ton. such as was produced from the 
ruioii-Ciirhonnte mine, is considered "low grade." The ore of the 
Knterprise and Kieo-Aspen mines varied widely in value hut was 
usually rich. Thus. during one yjinr. the average of the Enterprise 
was 200 onnees of silver and 2 ounees of gold jK'r ton. (hie carload 
from this mine lahout |o tons) was valued at Jk.s.iMio. The general 
range. however, appears to have heen gold. from 0.2 to I ounce: sil
ver. from loo to 200 ounces: lead, up to lo per cent: and zitu up to 
I.'. per cent. The ore from tlie Kieo-Aspen and Newman mines has 
orncrullv heen of lower grade than that of the Knterprise. 

Some of the oxidized ore from Nigger liahy Hill was rieh in silver, 
hut rarely earried over o.c ounce of gold )>er ton. In lono m-e ron-
talning over Hon ounces «>I* silver per ton was being shipped in occa-
sional carloads. Ore from the 11O|M> and Cross mini' lias sometimes 
yielded over 200 nunees of silver per ton in carload lots. 

The ore of the Puzzle mine is reported to have heen rieh.' hut in 
general the replacement bodies in limestone, such as those of the Kluck-
liawk and Iron mines, are of relatively low grade. That from the 
Uliiekhawk contained from lo to So ounees and that from the Iron 
mine from 20 to 4o ounces of silver, with practically no gold. 

An attempt was lieing made in UMJO to rework the dump of the 
Enterprise mine by concentration, but the mill erected for this 
purpose was not in successful operation at the time of visit. 

CARBONIC ACID GAS. 

Prospecting within the Rico district is often much hindered hy the 
abundance of carbonic acid gas, which issues from nearly every lissure 
traversing the rocks in the central portion of the dome. It is partic
ularly troublesome in shafts, which become entirely filled by it. It 
occurs in the Lexington, Mediterranean, and Syndicate tunnels to 
such an extent as to render them inaccessible unless artificially venti
lated, and a stream of this heavy gas was noted issuing from a fissure 
in the Blackhawk mine. But it is in the immediate vicinity of liico 
that the evolution of the gas is most abundant. On the west bunk of 
the Dolores River, on the Riverside. Smuggler, and Shamrock claims, 
it issues in many places with u bubbling noise ioud enough to attract 



HANfMMK LAXDSIjnKS. 

t i n -  a t t en t i on  o f  t ho  pa s s e r -by .  and  in  M H - I I  vo lume  a -  t o  s i i l l oca t e  
b i rd -  an < l  sma l l  an ima l s  t ha t  v en tu r e  t t> < >  n ea r .  a t t r a c t ed  l i y  t h e  wa t e r  
t h rouph  wh ich  i t  e s c a pe s .  A bou t  Moo  f e e t  u p - t i eu m  f rom t i n *  P i e dmon t  
I n i i l ^ r  t h> '  wa t e r  o f  t ho  r i ve r  i s  kep t  i n  a  s t a t e  o f  v io l en t  ebu l l i t i on  by  
t h e  e scape  o f  en - .  ap p a r en t l y  f r om an  ea s t -wes t  l i s s u ro .  A  - im i l a r  
c op i ous  d i - c ha rpo  cons t an t l y  a cha t e -  t i n -  wa t e r  i n  t he  ho t  t ou t  o f  t l i e  
so - ca l l ed  • • ens  sha f t . "  a  sha l l ow  p rospec t  on  t he  so u th wes t  s l ope  o t  
N ippe r  l h ibv  H i l l .  As  shown  by  bo re -ho l e -  o n  t he  A t l an t i c  ( . ab l e  
c l a i m  ami  i n  t he  H ico -A spen  mine ,  unde rp round  r e se rvo i r s  o t  pa -
e x i s t  unde r  cons ide r ab l e  p r e s su re .  I n  t a c t  t h e r e  i s . s c a r c e ly  an  ope n 
ing  i n  t he  e - round  nea r  K i co  t ha t  does  no t  t i l l  up  w i th  pus .  and  no t  a  
s t r e t ch  o f  t he  r i ve r  be tw e e n  t he  mou ths  o f  Su lphu r  and  l l o r s e  c r e e ks  
whe re  bubb l e s  o f  c a rbon  d io x id e  mav  no t  t i e  s e en  r i s i up  t h rough  t he  
w a t e r .  

I t  i s  po - . - i b l c  t ha t  t he  evo lu t i on  o f  pa -  may  be  a  l i na l  i n an i t c s i a t i on  
o f  \  i i l e an i e  a c t i v i t y ,  and  t ha t  i t s  sou rce  l i e s  a t  p r ea t  dep th .  T h i s  v i ew  
i -  i n  ha ru io i i v  w i t h  t he  i - sue  o f  t he rma l  wa t e r  nea r  t he  ba se  o t  N ippe r  
l l abv  H i l l  an d  w i th  t he  fo rm e r  so l f a l a r i c  a c t i o n  i nd i ca t ed  by  t he  a l t e r 
a t i o n  e l  t he  po r phv r v  o t  Ca l i co  Peak . '  Hu t  i i  i >  a l so  p robab l e  t ha t  
c a rbon i c  a c id  en s  i s  be inp  con t i nua l l y  p ro d u ced  by  chemica l  r e ac t i ons  
a t  mode ra t e  dep th s ,  e spee i a l l v  by  t he  ac t i on ' o t  a c id  so lu t i ons  on  t he  
l ime s t one .  Such  a  r eac t i on  i s  t he  t r an s fo rma t ion  o f  l imes tone  i n to  
pvp -n m th rough  t he  apeney  o f  su lpha t e  so lu t i ons ,  obs e rve d  i nC .  I I .  C .  
11  i l l .  I t  i s  a l s o  conce ivab l e  t ha t  r ep l acemen t  o f  l imes tone  by  su lph ide ,  
o r e  i s  s t i l l  po inp  on .  p i v i np  r i s e  t o  ca rbon  d iox ide .  Hu t  t h i s  i s  no t  
ve r v  p robab l e ,  a s  t he  known  bod i e s  o f  l imes tone  have  been  found  t o  
ex t end  t o  l e s s  t han  2 t»U f e e t  i n  dep th .  Ke low  t hem l i e s  < | uu r t / . i t c  o f  
supposed  Devon i an  a pe .  r e s t i up  uncon f o r mab le  upon  t he  A l ponk i a n  
rocks .  

LAXDSI.I i)i;s. 

For full descriptions of the extent and character of the landslides of 
the llico district the reader is referred to the chapter on this subject 
by Mr. Cross2 in the paper so fretpientlv referred to in these pa pes. 
Mr. Cross believes that they were caused hv earthquake shock. 

Tbey arc of later date than the period of ore deposition, but have 
an important economic interest 011 account of the hindrance which 
they impose upon successful exploitation. This is well illustrated in 
the case of the Puzzle mine where a body of rich ore occurred in a 
landslide mass which has slipped down from Darlinp liidpe and buried 
the former channel of Horse Creek. All attempts to tind the source of 
this block, and the continuation of the ore body, have failed. The 
difficult}* of the problem is apparent upon ro.ferrinp to the peolopieal 
map (PI. XLI) where it is seen that the whole northern slope of 

* rnr-iHfi'l Spencer, loc. cit. pi93. • 
22 OEOL. IT 2—01 20 
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] >;iriiti<j" Ilid<re i> covered with landslide material. The depth of this 
material U often several hundred feel.and n«k in place run In- reached 
onlv IIV tunneling. There is no niraiisof knowing Imw far tin* Puzzle 
mas- lias slid. Even if thy original sourer <>1 the block is found after 
tedious antl e.xj>etisive prospecting it is by no means certain that there 
will l»e any ore tliere. 

Similar dillieuUy is eneoiuitered in the landslide of C. II. C. Hill, 
which, a- shown by the various mine workings, has a maximum thick-
ne« of several hundred feet. Tn this ease also ail of the ore thus far 
found has lieen in landslide material, am! the main ore horizon has 
never keen found in rocks in place. Kven if discovered it is by no 
means certain that it would contain workable ore. 

Similar conditions of obscurity obtain over a considerable area north 
of I lor-.c ("reek and on the southeast spur of F.xpectation Mountain. 
J'ro-pecting undertaken in these areas without some realization of the 
nature •. 1" the disturiianee which they have undergone is almost inev-
ilaU\ doomed to disap|Hiintment. 

I ' l  T l 'U j :  01-  1111 :  1MKTKKT.  

No attempt to forecast the future of tin- Uico .Mountains as a mining 
district can be fully assured of surcrss. The following views arc. at 
best, deductions from phenomena only imperfectly understood, and 
perhaps susceptible of different interpretation by others. Suggestions 
advanced after a few months' study of the region arc not infallible, 
and should in till cases be considered in the full light of local knowledge 
and experience before being blindly followed. 

From the description and discussion of the ore Imdies. it appears 
that in the future, even more than in the past, the blanket and replace
ment deposits will prove of more importance than the lodes. It seems 
very doubtful whether, under the conditions of working likely to pre
vail for many years, the lodes can be extensively and profitably, worked. 
The finding of small amounts of gold ore front time to time in the 
northwestern portion of the district leaves open the possibility that 
workable gold-l»earing lodes may yet be opened up in this part of the 
area, But the prospects of extensive future development in this direc
tion are not regarded as particularly bright. 

As to the blankets, it is hardly probable that, in future, ore bodies 
will be found which will equal in richness and size those formerly 
mined in the Enterprise blanket. But the extent of this blanket is as 
yet imj>erfectly known. Followed under Dolores Mountain, it was 
found to grow smaller and to contain no ore. This portion was not 
accessible in 1900, but before exploration in this direction is aban
doned it should be carefully determined whether the blanket, as far as 
pros|>ectcd, still contains the pulverulent residue which testifies to the 
former presence of gypsum. If it docs, then it would appear that 
there is still a fair probability of bodies of ore occurring to the «mt. of 
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th< I.M* hitherto worked. ()n tin- >iilltii tin- blanket is. without much 
doitht. rut iiff. ami. a- ("loss ami Spencer estimate. Iia- been dropped 
almitt feet. Tin- chances <if finding bodies of UP- in this down-
tlirown portion <>t tli>- blanket ran l>r decided only by a knowledge of 
tin-HIT bodie- Iviny immediately north of tin* fault. Il tIn—•• became 
impoverished before tin- fault was rrarlied. tin- probabilities an- that 
tin- blanket south of Dradwood (iulrli is not heavily mineralized. Hie 
"•riirral indications, dtawn front tninr maps and other soitrn-s. ]K»int to 
surli impoverishment. 1 int according to other account* rirli on- was 
found in tin- blanket up t<> tin- lino of tIn* fault. 

'l'lii- 01 •riini'iiri- "! tin' New 1 ear I'lanki-t show- that lln-ri- is :it 
least our ••rontart " in-low that of tile Knterprise. and probably others 
exist lirnratli tin- porphyry. They are of different eliararter. l»ow-
ever. fivin tin- Knterprise blanket. It is prolialde tiiat t hey contain 
on-at their intei-rrtion by the lodes of the Knterprise and neiylibor-
in«j- mines, hut it i* Iiki-I\ to he of lower yrade than that hitherto 
worked. 

fill ( . II. ('. llill tile blanket-ore has thus far been loillnl ohlv o i l  
the southwest side ol the I>laekltawk— 1 'iyeon lode. It i- probable 
that tin- eorrt-spi-m I me beds on tin* northeast side ol I i i i — lanli-h»suir 
ari- also mineralized. Tln-v mav not In.-oxidized, however, ami in this 
rase would I low yrade. 

('onsidi-riny. finally, the replarement deposits in limestone. wctind 
that they have been only partially explored. As ]Miinted out on paye 
MTi'. tin- lMurkhawk mine lias exploited only one of several beds 
likely to contain ore. Tin- Devonian limestone north of Kiro. antl 
extending eastward under the llerntosa beds, has liern onlv super
ficially prospected. and no attempt lias been made to determine 
whether it has been extensively mineralized by the Smelter and South 
Park fault fissures.: It must be said, however, that the outlook for 
finding continuous bodies of high-grade ore in the Devonian limestone 
is not re yarded as particularly eneourayitiy. 

It seems on the whole that the future of Rico is dependent more 
upon the possibility of working laryc bodies of low-yrade pvritie ore 
than upon any other factor, to which should perhaps In- added the 
utilization of the sphaleritie ores for the production of zinc. Abun
dant low-yrade pyritic ore is known in (J. H. C. Hill, alony the Rlaek-

"hawk fault zone, in the Iron mine, and elsewhere. I'nlcss such ores 
can be successfully worked, Rico is hardly likely to experience anv 
permanent revival of mining activity, although small bodies of high-
grade ore may continue to be found for some time. 

But it is desired again to emphasize the personal and fallible char
acter of the foregoing conclusions. The reader. is referred to tiie 
facts presented in other portions of this report. From them lie mav 
draw his own independent deductions. 

1 See t'r«*sN ami spencer, loc. ciL, pp. 120*123. 
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KNTKKI'UISK MINK. 

S l (  wit  Km . —This. which has Wen the must prutluclive mine in tin* 
district, is situuicil mi Newman Hill, about halt a mile southeast of 
Kicu. and al»out 4"o feet above the town. It is reaelieti lroin Uieo by 
a watroii road, and hv a short spur from the Kio <i ramie Soutliern 
Hailroad. 

f f ' t t i Hf t  i i t t i f  i » r s f u f t f .  —— The Enterprise mine lias lieen described in 
gTcat detail In John 15. Parish' and T. A. Uiekai'd.each of whom had 
eharjre of the development of the mine at different times, and wrote 
with the advantage wliieh such experience wave. Since their descrip
tions were published many of the workings have become inaccessible, 
and all of the lurm- stupes in the so-called "contact " have been allowed 
to cave in. ('oiiseipiently the present account "f the mine is indebted 
to these observer- for many fact- which it is no longer possible to 
verify. 

The following- lii-lorn-al aeeount of tile discovery and development 
of the mine is extracted Irom Uiekard s paper'.' 

In llie s|iiiitL- <ii Issl Iill Swickhiiiicr. 1'atriek Cain, ami .lulni lianit sunk a 
sliaii it-vi tleep ii|..tn their Enterprise claim tin Newman Hill. Tllis work wit-
uiiilertakeit net ilju>ti llie evidence of ore, but ill tlie expectation of cultinc the een-
11IIuation et the veins successfully worked in certain claims farther south, owned by 
die Swansea Hold and Silver Mining Csiiii)uiny. Witimnt entering into a detailed 
description of tin- geological structure of Newman Hill, it is necessary, in order to 
make the early story of discovery rhiir to the reader, to say that the true roek 
t sandstone and limestone > is overlain by drift, through which shafts must penetrate 
Iminre reaching the on-hcariug formation. The veins do not reach the present sur
face, stve in.the tare of the landslip where Harry Irving tirst detected tlietu. The 
three owners al»>ve mentioned tradisl their claim to George K. Harlow tor StUMI worth 
of lumber. Barlow roiitimicd the sinking of the shaft to a depth of 1-tti feet. On an 
adjoining claim, named the Songbird, another miner, A. A. Waggeiier, sank it shaft 
to the depth of 203 feet. The latter ]>enotnited through the drift into lime shale; 
but the Enterprise shaft did not at tiuit time reach the true ris k. Both shafts got 
into very wet ground. In the meantime the Swansea workings were rejKirted to he 
impoverished and, finally, exhausted of ore. It was also said that the veins did not 
extend northward: but the real fact was that cross veins had faulted the ore-liearing 
veins in a manner to lie rendered clear later on in this account. Newtuau Hill was 
discredited, and early in 1SKA the Enterprise and Songbird shafts were nbamiuned. 

A year later Larnctl and Uaekett resumed work in the Swansea levels, and hy 
mere accident discovered tiiat the veins had not conic to mi end, but were simply 
dislocated. They prosecuted development, proved the continuity of the ore, and 
made large shipments. Their success induced Waggeiier and Barlow to relocate 
their aliandoned claims late in 18S6. But neither of thein had any eupital, ntid they 

H»n ihf ore iWpniiits •>( Nvwnmn Mill, m*»r I'rtw, (!olu. Sf'i. SIM',, Vol. IV. iK'.fJ, pp, )M-
\ \A.  

-Thf Rntcrprnv mint*. Kir*.. ««,l»..: Trnriv Am. hint. Min. En*., Vol. XXVI, IWT.. pp. PVt-UN). 
•* Lt«:. fit., pp. 
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Wi-iv IlllHI-i-' I" I'Vi'l'inlllt' lif lir;ll\ li--w • <: WJI--I. b. 1 >i-i-eliibl't. ISst,. I'::i--; 
>»|. kliim.-t ".mi-.-IiI "'II - iin.-n-i. :i--i im: kn..w li-ili;.- wliil.-
wiitkiiiL' in il.. >waii-.-.i mil" . w l.i. U i.:i-l saiisii.-.l li"" llml die v«-ins milsl .-\I . - I I - !  

i t i l -> ll..- Ill it i -1| • ri~. • :t i it 1 >< .iiiri.il'. I • iann-. li. March. 1**7. If rt-.-. .mi n.-i- i li,. 
-inkiiiL- ..] lit.- Kiit.-n.ri>.- .-hat!. li. May ii.ai-.iuii.--i ..n.-iiall ••! I'.arU.w - int.a.--: 
In .luiv tin- win.Has- was n-tilar.-.I witii a si.-am .-utrilit- ami a ]>uni|.. All liii-
lairm-l aii.i I lackett w.-i-.- .Ii-ivinur rai-i-liy ii.-rfliwanl. and tlireutem-d wmn t" i-.-a.-ii 
tl..- i.< .uti.iary tiaratii.L- rh.-i- i.-rnt.-rv li -.... tiiat "i Swi.-khiim-r att.I liari-.w. 
r,,l.->> tin- nv.. hitter .~ii.-i-.-twl.-. 1 - :n- liti.iiti-.' a vei-li in 1 .lace. si. as to )H-rmit a 
vaii'l l..eati..n. tin- ehiiin- .-"iil-l -ii.-.-.-siully .hs|>iite.l. Tlu-y therefore liiirvi.-.t 
tin- siiikin-j. ami in sfite -.1 had lit. k. ll Is "l water, ami a trelieral laek <n e\|--n-
enee. lin-v strtiek ..re..1. tin- l.li. ..i I i.-|. >i «-r al a . let"! li "t -t'.L' leet. Tin- lirst a—a* 
•jaw L'.  I  i i i i l irt 'S M I  ; i t i«I  MIJIICC- «» l  1 JMT full .  

Tbi- "'>• wa> I i»«»f Thick. ami i>>rnti*i-l pari ui a "lint lode.' In I he lurlif ni laici 
t | i - \ r l< i jHi icnts  t in -  i>  k imwn in  have  U-cn  a  p i tHv  o t  part i cu lar« J O « MI  I . H I I H M - ,  

in: tin maps i»i tM-day j»mw that it was tin- rdi;r «»l tin* biinre^f on* Imdy cwr i**mid 
au Newman Hill, ami that a shah put d..wn i'"> ire! farther cast would haw nu.—,-.! 
it. This was tin'first evidence MI tin* exigence MI a flat ore dejNisit. Swickhimcr 
tiiMiiL'ht at first that it  was inereiv a i• •!i in the Hhlerprise—an almost vertical win 
]( u:t^. IKnvcviT. SMUM proved hv tin- \\nrkim_r- he a Wedded formation. <"iih<nn-
a'.l«- I'' i»" iiM-iiisinL'' Miint r\ . Tin--hall u;s •unk hrt helow this "contact. and 
a drill  iv;i- rim Wrstwaril niilil  1 i i# - iJirica-fl -ecpnL'c "I water in the ltillnw iiit; >priii'j 
pi.  . \  i-'  i 11 •• • much Jul* tin- pninp a in i i -;»11—«! \\  • . fk t" confined t< • I he contact. 11: 

.1 i i  i \  tin* \\  an-r • l i  i i i  in >sl nil ,  d rill  in:: v\ a- ii*-umrd. am 1 in A ui;nsi.  a I a d i-laiice . 11 ** 
l e d  - n i i t l i w i ' s t  M I  t i n -  s h a f t ,  t h f  K n l e r p r i - i -  w i n  \ \ : i -  a t  l a > t  i n t e r c e p t e d .  I  I n - . - t v \  a -

L'n in- lit -  Murk ami assayed T'J . .nnc- .•! --hi an.l ounce* of silver ]HT tali.  

In Ma v. 1st M I .  the Soiijjhird ami laitriprisr mines. tMirnther with much uiljiuniir.* 
pr«»p»Ttv. were aiMjuirtMl hy the Kntcrprisc Minim.' ^ Miupany. 

A'-eiirdinjr to liiektird the worUini;-- in ism; luul :i total lt*t»«rri> of s 
iniii-s. and had violdt'dore of the jyri»-. value of ^o.okiUJi'in. In .1 nlie. 
limn, tin- wotkinirs had attained an ityefee-ate leiijLrth of 27 niile>. 
aeeofdiii"- to Sujtorintentlent lVn-v S. Hider. tuifl the total output had 
risen to about S4.IHHI.IHIO. Tin- hir^e iiu-retise in the extent of lit.-
workings titid the proporiiontilly small increase of the output are 
sienilieant. The known "eontaet" ore bodies had been worked out. 
and in lbOl) active mining for the time being- had practically ceased. 

( i inn t r i /  rock .—The country rock of the Knterprise mine consists of 
sandstones, shales, and limestones of the lower division of the Herniosa 
formation (Upper Carboniferous) as described by Cross and Spencer. 
The total thickness of this division, exclusive of the porphyry sills, is 
estimated by these writers at about si m feet, the Enterprise ore bodies 
occurring nearly midway between the top and bottom beds. The 
strata, as exposed in the Enterprise workings, have a general strike 
from N. 60c E. to N. 75c E. and dip southeasterly at from 10° to l't". 
Local irregularities, however, are not .uncommon, and the beds fre-
quenth- dip to the southwest, as in the Group tunnel near the Enter
prise vein, or even to the northwest. 

Several partial sections of these beds have been measured and 
described. A generalized columnar section is given by Farish 1 in his 

* Loc.cit. .  In:. I 
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paper already cited. and two mcasim-d section- were published by 
Rickard.1 from observations in raises !»oo feet a}>ari: while a third, 
observed in the vicinity of dumbo NO. -J vein, near raise 1".. ami pub 
lislicil Iiy Cross ami Spencer. is reproduced below: 

item' r. i„, J.nIi i ' /iniin. 

Tii]'. Vi. lit. 
7. Shale. black. somewhat brecciated :: 0 
(>. " ( niiLii i." consisting ul gray pulverulent marly material. sometimes Struc

tureless. and sometimes stratified, frequently impregnated with silica, and 
vary ills in thickness irom 1 to 2 iect 1 in 

7>. l.imostoiic. dark and impure. breaking with vi-riiitil fracture; locally kinnvn 
as " short lime" 1 •"> 

4. I'dnck. tissile shale with occasional lenses of gray sandstone in tin- np|>er 
lutrv •"> 0 

l.imcsn me. similar to the " short lime." I nit very I >la<-k tviili «sish wins of 
quartz I i> 

2. Shall-, dark L'ray in (•"111»!" ... I <• 
1. Sandslinii* ... .............. > 0 

T..iaI -- •" 

No particular agreement ran l>r traced in tlm setpienee of tlm bed* 
in Rickard" s two sections—a fart of which In- makes l-ather Ian ninrli 
in liis later discussion, as will he subsequently pointed out. JVrhups 
partly on account- of an obvious lark of precision in liis iise of litlio-
logicul terms, neither of his sections shows any n-nmnizahle agreement 
with that of Cross and Spencer. 

To secure a clear presentation of those features of stratigraphy whieh 
are essential to an understanding of tlie ore dejiosits. a single signiti-
eant bed may be chosen as a loesil datum plane. and the strata above 
and below it briefly described. 

The significant stratum selected is a bed of limestone, the familiar 
• short lime" of the Rico miners. Farish says of it: 

It is a grayish deposit, varying in thickness irum IS tn ::n im-lies, ami occupies 
throughout Newman Hill the same stratigni|iliii-al |>>sirion with roferenn- tn the 
other in-ils. From its close relation to the ore deposits, this band is locully known 
as the contact limestone." It is inclosed In tween two layers of argillaceous shale, 
which are, iiowever, quite different in apjiearance. Tiie overlying stratum is a soft, 
comminuted, drab-colored shale, varying in thickness irom ti to I'll t'eet. This layer 
forms an impervious shed to the surface waters circulating alsive it, thus Icaviug the 
mine workings below comparative dry. The underlying tail is a hlnrk, finely lami
nated shale, Irom 7 to 12 ieet in thickness, which rests u|mim the series of alternating 
gray sandstones and drab and greenish shales.: 

Rickard,3 finding that his sections failed to .show strntigruphical 
agreement, flatly denies the above-quoted statement of Ftfftsh as to 
the persistency of the "short limer* and its superior and inferior 

1 Loc. ClC, pp. 914-016. 5 Loc. clL, II. 151. - Luc. tit., p. Bi t. 
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sha l e - .  I n  l l t i -  I n '  i »  i n  e r ro r .  Wl i : i i . - v .  r  i i . av  be  t r u e  o f  t ho -an . i -
- .  -ha i r - .  un i t  l i mes t o n es  above  m  be low  i  i "  - 1n11n  : i »> I  - t r a i um.  

t l i r  . j i ' i i .T i i l  d c - e r i p t i on  v iv i - i i  by  Ka r i -h  i -  r - e n t i a l l y  t r u e  l o r  t ha t  
po r t  i on  . . t  N ew  m an  Hi l l  i n  wh ich  th . -  w o rk im . -  o f  t i n -  K i l l . •  r p i  i - • .  
Newman .  ami  l i i co -Aspcn  m ines .  I n  l a i ' l .  Wicka r d  i  11111 - i  *  11 .  on  a  - i .  • •  
s i ' , | . i . ' i . t  p a i ; . - . 1  s peak -  <>f  t h e  "con t ac t "  a -o cc i i p y i i i o  ami  po -e - i ny  a  

ovn i - l i i  r e l a t i on  In  a  ( l i ' l i n i l f  s t r a t i " r ap l i i i -  ho r i zon .  
T in  - -  -111n-t linn'" nr "I'lMiUrl limestone" i -  a li«rht-«rniy. compact, 

anil apparently unfo-silifcrons Uine.-lonc. It dTcn .-sees freely will, 
mill a. ill. lint i- probably slightly mairncsian. It i- easily Iraetnicd 
l,v tin>\ •'•!i.'iit~ ..I tin- rocks. and is fm|iiently I raver-cd by veinlcl- of 
ipiartz. It i~ -onirtitnes speckled with very ininnti' crystals of pyritr. 
It- an rani- thickness is perhaps somewhat less than indicated by 
Fari-ii. a- it sometimes thins out to or >i iin-ln-s. although it never 
whollv 'li-appi'ais. 

r.rlnw this l i mes t one  l i e  t he  shah - s  r e f e r r ed  t o  hy  Fa r i s l i  ami  
r eco rded  l i \  (  To - - and  S p i ' i n ' i ' f  i n  t h e i r - ee l  i on .  I  h ey  an -  i n t e r ca l a t ed  
w i t h  t h i n  l i i ' d - n f  - and - lon i ' .  w  h i ch  may  f r c ip i cn l l \  l »  f o l l owed  un t i l  
t h i 'V  w i ' dn i -  m i t .  Thus  t i n -  p ropo r t i on  n l  s hah '  t o  - ands tonc  va r i e 
ty  p n i n l  i n  p i  l i n t .  a l t hough  t h « -  s ha l "  «a>  nowhe re  l onnd  t o  be  
•  • n t i r . 'U  a l - i  n l .  Pa s s ing  downward  in  t i n -  - t  r a t i j r i t i ph i i -  - r e t  i on  t he  
-hah  -  Income  h - s  ahmidan t  o r  n io r i '  a r e na e e on - .  and  a t  a  i h -p th  o l  | oo  
f n t  be low  t i n -  " sho r t  l i nm"  t i no - j r r a in i ' d .  o r een i sh - en iv  s ands tones  
p r eva i l ,  i n  mode ra t e ly  t h i c k  hee l s ,  w i t h  a  l i t t l e  s a ndy  s h a l e  and  an  
occas iona l  hand  o f  l i m es t one .  

Immediately above the .stratum of "short linn " occurs the so-called 
"enniaet." which will presently he more fully described. It varies 
in thii km— from ^ or H feet up to :fu led according to 1-arish. and 
]ia--> - w itii mi vi-i'v sharp line of demarcation into an overlyinjr bed of 
black . |a\ -hale. As far as known, this -hale i- never absent, ami 
experience ha- tau<rht the miners to avoid ciittiii" through it. as when 
once pierced it i- not only cxceedinely dillicult to retain by timbeiino. 
fnit the opeiiin<r drives necess to abundant descenilinc; water, to Avhich 
the shale in its intact condition presont.-an impervious barrier: ()win<r 
partlv to this fact, there are at present no opportunities for stiulvinj; 
the bed- above the shale. They have been penetrated by several ifliaflis. 
but these are invariably lined with timber. Accordinji' to the accounts 
of variou- tneu who have worked at sinking these shafts, the beds almve 
the dark shale are chiefly sandstone.-, and are -o -olt ami brpkciiyts to 
be easilv worked with pick and shovel. Mr. Cornelius \\ illianis. for 
many years foreman of the Enterprise, stated that in these soft over-
Ivine beds the thin sandstones and limestones are all more or less 
shattered and displaced. In the few instances seen, where the top of 
the shah-- hail lieen exposed, the overlyiue rock wa- a -oft sandstone. 
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linnllv. tin* surface of Newman Hill is cloaked to varying depths up 
to aliout MiNMeet liy Pleistocene wash, which effectually eoneeals from 
view most ot the 1 jiiwrr Iicrmosa rocks. 

(rt- i irri i l  : i . / . , •  , ,r  —rpjH. on. nf {|,c Enterprise mine 
oeeiii' s  in two  tonus--in almost vertical fissure Veins, and in ncarlv 
liorizontal masses in the so-called "contact." or hlanket. immediately 
.dune the short linic. which may he called for convenience of 
(inscription. tIn* t The latter ore masses are genetically 
connected, not only with the productive or "pay veins" hut also with 
another set of lodes, locally known as "cross veins" and generally 
""•re". \ arious names hat e heen given to these two systems of lodes 

most of them somewhat objectionable in that they involve certain 
assumptions, or lay stress on more or less artificial distinctions. In 
Ins report the - vertical pay veins" of Parish. " verticals" of Kiekard. 

and " pay veins ' in the local vernacular, will he referred to as the north-
osUrhj r,,, from the fact that their courses fall in the northeast and 

F i . : .  « t h r u , , * ! ,  i b e  m i m ,  

southwest quadrants of the compass, while the "c ro s s  veins" for a 
smular reason will he spoken of as the >,»rt hotter!,/ 

Development —The mine is worked through a straight adit, known 
s he Group tunnel, about 3,000 feet in length, with a -course S. 57° E 

This tunnel lies wholly beneath the Enterprise limestone and conse
quently nowhere cuts the " contact." The latter is a little over 200 feet 
^I I "ne "ear ItsJ2outh' but is brought down by faulting 

the 3 ,C .gene.rul d,p incl°sing beds, to within 35 feet of 
e tunne! at its breast. The tunnel's course is such that the principal 

tion tflh r Vem6 are T at n&r,J Tight angles- Th0 g«neral rek-
n of the Group tunnel to the lodes and "contact" is illustrated in 

the accompanying section (tig. 44). As shown by the plan of the Filter 
hx;xxv;'tbere -re«^ wi.. 

. terly %eins which have been worked for ore. These arc naming 
thum m order from the tunnel mouth, the Swansea Kitchen Enter 
pro*. b.,^,4 Hiawatha, Eureku, J^bo No. 
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vein-. 'I'll'- development on tin- 1«Hl«— rarely extend- tor more than 
goo feel in-low-tin' liianki't limestone. being practically «*«»nIjm•«i lofwn 
level-. our known a- tin- Tunnel level. unit om- a hundred feel above 
ir. known a- tin- Ino-tont II-M-1. Immediately nIn»x«- thi- limestoneand 
follow'iti«f tin- dip and undulations of it- upper surface. i- a most intri-
i-atr and almost entirelv irregular ialiyrintli of drift-and .-topes known 
a- tin- "i-ontai-t" working- p-ee PI. XXX\ Ii. 

( oiiiM-ftion- exist through drift- with tin- workings of the Newman 
and liioo-As|»-n mine-. and also with tin- surface through tht* Laura. 
."Stanley. Jumbo. and Enterprise shafts, ami an air shaft between the 
Laura and Stanley. Of these, the air shaft only is now kept open a-
a luanway. 

h> itxii.r'i;/ /««/.«. — These are nearly vertical fissure veins, usually 

of small size and of very simple type. They rarely exceed IS inches 

in width, and the aver-aye -is probably about <"> inches. As a glance at 

the map (PI. XXXVII shows, they are neither straight nor parallel. 

Their general course.- are as follows: % 

f r . l l , > , . .  I l l U ' h t l ' t s f ' l i  > >  » » < / , . -  f ' . l l t l  I I H ' I S i  m i l " ' .  

Win. 

Mvaiifii N.-4's K. « 
K  i t r i n ' i i  . . .  N .  . V I '  I . .  

K i U t T p r i > f  N .  5 i > c  K .  

S o i i L ' W i n l  . .  *  N . 4 7 C K .  

! lui-u'utliu W 40- K. 

Knrt'k;i N. fi:?0 K. 

JIIIMIM,  N„. K .  

T u m U .  N . » .  N .  K .  

Besides these are the Newman and Intermediate veins, which have 
been worked to some extent, and many smaller veins that hnve not 
proved worthy of development. 

The northeasterly veins are so nearly vertical, have been explored 
through so short a vertical range. and in that distance have frequentlv 
shown such variation, or even reversal of inclination, that direct obser
vations of dip angles in the workings now accessible are usunlly of 
very little value. It seems to be fairly certain that the general dip of 
the Swansea is northwest at an average angle of 75° to 80°. The 
•Jumbo Xo. 3 for about 80 feet below the Enterprise limestone is on 
the whole practically vertical where seen. Below that it has a decided 
dip to the southeast of i0~ or 75-. The other veins are all nearly 
vertical, but whether the average.dip in any case is southeast or north
west can not be easily decided. The map of the workings indicates a 
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steep southeasterly dip i°r the JuiiiImi No. Kureka. and Knrerprisc 
veins, hilt throws 110 clear light on the Kitchen. Songbird. ami Hia
watha veins, liiekard states that "the Songbird di|>s west llatly 
lint in his general sectionhe shows the Songbird first dipping north
west and then turning and dipping strongly southeast. Tlie.iv are 
other discrepancies in his descriptions and diagrams which detract 
from their usefulness.' 

For all practical purposes it is perhaps sufficient to consider the 
veins as nearly vertical on the whole, with frequent variations to 
either side of the vortical plane. With all save the Swansea, and 
perhaps the Kitchen vein, these departures ap|H-ar to give steep south
easterly rather than northwesterly dips. 

The fissures in which these veins formed were opened by very mod
erate faulting, which so far as observed was normal in character. No 
case lias been noted in which the vertical displacement is over lt» feet, 
and it is generally much less, hi most instances the faulting has 
thrown down the beds on the southeast side of the fracture. Accord
ing; to the unpublished observation* of Mr. Tower, however, the 
faulting on the .Songbird and .I umbo No. 2 veins resulted in a drop 
of the beds on the northwest sides of the lissurc of from to 7 feet. 
Owing to the condition of the workings, there was no opportunitv of 
verifying these observations in l'.iuo. Kiekard's detailed transverse 
sections'make both the Songbird and Jtunlio No. 2 veins dip to the 
northwest and show normal faulting, thus agreeing with Tower and 
with the general rule of the faulting. Hut his general section, as 
already pointed out. shows these veins with a general southeasterly 
dip. Whether one or other vein actually dips to the southeast or 
northwest, it may be safely assumed, in the case of veins so nearlv. 
vertical and where normal faulting is often plainly shown, laith on the 
principal veins and in small stringers in the country rock, that the 
stresses which originally opened the lissiires were such as produce 
normal, rather than reversed or thrust faulting. 

In the nature of their filling and in vein structure, the northeasterly 
fissures resemble each other closely, so that the description of a typical 
vein will apply with little or no modification to nil'the others. Such 
a typical vein is the Jumbo No. 3. This, as well us the Eureka. Song
bird, and Jumbo No. 2 veins, has been graphically described by Kick-
ardJ in a series of sketches made from time to time as the develop
ment of the mine proceeded. Two of his drawings of the Songbird 

> toe. clL. p. W7. —" 
'Loc. cil., p. 974. Fig. E. 
JKor example, on pp. 919-920, be slates that lli. Enterprise. J umbo No. Jumbo No. :i, anil 

Hiawatha veins»!1 dip northwest. while the Kitchen. sw,oi-,„. anil Songbird vein* dip muthm-l. In 
this esse the uortis nortAurst and touttinut should plainly is- iruns|ioscd. 

4 Loe. ciL. tigs. .1, 4. and 5, pp. 920, 921, and vsi. 
» Loc. cit., tigs. 3-10. 
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and Kureka. are here f«*j»r<»<iin-<-ti a- iiy>. +."• ami.-t'"> in unier i<> »IH> \ V 

tin- eliaraeter of tin- veins, ami for tin' reason thai •• *• i • -\[»*•-!i>"•— am 
no longer visihli'. 

Tin' •Iilinhi) N«>. vi'in was studied in luoo at several |n>ini- in 111«• 
drifts and stnpe» exiemline'northeastward from tin' < > r->u|» t• inm-I to 
tliu Laura mil. Snutli of tin1 (iroup tunm-1 tin- j•<.—»—>n nf this 

oxr roc • • 
Flnetandrtonc. f'inr*»»nU«iune Rltodnrhroxit*-. Qimrit. Blende and (ralenn. 

Ki'» V» — H« ro-s the >oiii?hir<l vi-m inlUT T. A. RirkaM i. 

vein was formerly disputed by the Enterprise and Kieo-Aspen ebtn-
panies. The bulk of the ore was extracted hv the latter, and is 
reported to have lieen sometimes over 3 feet wide and rich in arjren-
tite and other hijrh-jjrade silver minerals. 

Northeiust of the Group tunnel the vein is usually a solid tabular 
muss or plate  of  quartz,  rhodorhrosite .  and ore (see 1*1.  XXV11I,  l i ) .  
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It is generally less 111:1 ii 14 inches in width. and i-. a- a rule. adherent 
in- frozen t<> tin' walls of tin- fissure. Such ore is always handed. and 
the i*idot's of the component minerals render this structure unusually 
striking'. a« may !»«• very iinjierfeetly seen from the illustration. 1*1. 
XXX. Rut. while striking ami lieautiful on fresh exposures of the 

Sandstoae. buody lime. Llmr- KhixJo- quarts. Zinc blende. Cniahed 
phriwltp. rock. 

Kiu. ceciion urn** the Lurekn vein (after T. A. Ricknni). 

vein, this banding is hardly so regular as Richard's drawings indi
cate. Individual bands can rarely be followed far before they die out 
or coalesce with others. Mor does the succession of minerals from the 
walls in toward the medial plane of the vein follow any observable 
regular sequence. Usually quartz was first deposited on the fissure 
walls, but often rhodochrosite was the earliest mineral to form. The 
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<irc minerals. jralena. pvritc. chalcopv nit . ami sphalerite. occur in all 
portion- ..I tilt- vein. lull tend lt> be more ai>un.ianl in 11»«" middle. 
Them art' usually numerous small vu»'s alone tlm medial plane nt the 
vein, ami in these occur tin- rich silver. mineral- proustitc. aroentitc. 
stephauilc (!i. ami polvbasite. and ucrra»i<>iially tree cold ami silver, 
which I'tiriM lie richest mv. Smiiflinm- thci't1 art- utiicr plant's t»l 
viitr.s "f suture- in tic vein. 'ml. a- a rule. lie nifdial mie only carries 

rich tii'i-. 
Must tit the I>:iml)HIT. a> far a* i>b-eiw cd. i- dcpositional. i. con

stitute- tfin• lianticd structure rather than ribbon -inii'ime.1 I lie 
minerals have liecn dt'pttsitetl in succo--ivc iinire ur les- irregular 
crusts mi the fissure walls until at last only a narrow crevice was left 
alone' the medial plane of the vein, in which the richest ore was finally 
dc| it is it ei 1 11 *1. XXX i. But the deposition was not entirely a simple, 
uninterrupted proct—• . There i« unmisiakahlc evidence, not only 
ahuie' the .1 iiinlio No. vein, hut also in others <• l it- class, thai the 
iissu re at I er ha v i n<j' been w lioll v or pari I v lil led w it h ore. was reopened, 
nsuallv IICNI lo one wall, and llie openine ae.iin tilled h\ tn-sh deposi
tion. A s far as could he determined, this hitler lil line' always consists 
of nearlv barren while quartz earryine a little pyrilc. In some parts 
of I he lissiire this reopen i u LT anil redeposition look place at least twice. 
(  f i l l e r  p o r t i o n s  s h o w  n o  s i t f l i s  o l  i t .  I t  w  a -  s i  U I I I - I  i m e s  e o i i n e c l c i l  w i t h  
the local development of rihhon structure "ii a small scale (see I*1. 
X X X 1 1 .  

Thus far the dumho No- M has heen described :i- a fissure vein of tite 
simplest type. But it does not alwavs retain this character. Il is 
sometimes associated with parallel sheetiu<r "f the country rock and is 
then apt to split up into two or more stringers. This structure is well 
shown at the north breast of the 1 An-foot (intermediate) level, near the 
Laura crosscut, and is illustrated in tie. 40. paI'AT. w here, it will he 
noted, the vein dips locally to the northwest. 

The characteristics of the vein so far described are those which 
obtain above the Tunnel level and below the Knlerprise limestone. In 
all the northeasterly veins the ore at a certain fairly constant distance 
below the Enterprise limestone becomes too low crude to pav for 
working. The veins continue downward and carry pyrite. chalcopy-
rite. sphalerite, and galena, but the rich ores of silver which made the 
upper portions profitable are no longer found. Tim depth at which 
this change takes place is apparently not dependent upon the topo
graphic surface, but is related to the so-called "contact" resting on the 
blanket limestone, and with reference to the latter is remarkably small. 
The relation of the lode pay shoots to the overlvine blanket is shown 

1 Following LiiHltrmt pild-quam Novhuh hi;, ant \ .«I !••> .«i«->eveuteeutb 
Ann.Kcpl.U.> iieol.^urvty.Pi. II. 1896, p. IJ*J. 
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an- very numerous. ami arc cut at frci|iicnt interval- l>v tin- loni' 
nnrtheasteriv drift-. Hut unless tlic mirthuc-tcrlv vein i- ii~cIr <ii-itti 
upon, such expo-lite-are nut sufficient to giv e tin general unit'.c ;unl 
dip. nor do timy permit tlie certain identification of am given north
westerly vein from one drift to another across uuknovv u ^rminii. Such 
idcntiticatiun is rendered mure difficult by tile similarit v oft lie»e veins 
and their frequent neeurreiiec in groups or zones. 

' hie important zone of northwesterly vein-, with a general strike of 
X. 17 W.. ami an apparent etisterly dip. lies just east of the lone1 
crosscut on the 1 no.foot lev el. passing east of the Knlerprise shaft 
and crossing- most of the nortiieusterly veins nearlv at right angles. 

Another prominent northwesterly lode is that which Kiekard : has 
represented as faulting the Hiawatha and Song-bird veins. This same 
fissure lias been followed apparently in the Kitchen crosscut, between 
the Song-bird ami Swansea veins. Toward the soullicu-t its course and 
identification are ie-- certain. It probable forms one of a group of 
northwesterly veins which cross the .lumho No. vein just northeast 
of the line of the (.roup tunnel and extend sum hoa-lerl v toward the 
\ estal shatt o| the 1,'ieo-Aspen mine. 

A third si rone northwesterly lode crosses the north drill on dumbo 
Mo. about 4:>o feet northeast of the (irottp tunnel. This fissure has 
been followed by a crosscut from the dumbo No. g vein to within goo 
feet of the Hiawatha, and appears to be identical with a strong lode 
crossin<_' the Enterprise drift north of tin- lid raise. 

A fourth prominent northwesterly lode, having a m arly north and 
south strike and easterly dip of aiiout 4a . crosses the Eureka vein 
about M'11' feet northeast of its junction with the dumbo No. and is 
well exposed in the I antra crosscut. 

Resides those mentioned are many other veins belonging to this 
system, some of which will be referred to when the relation between 
the northeasterly and northwesterly lodes are described. 

THE NORTHWESTERLY LODES VARY GREATLY IN BREADTH, FROM A MERE V EINLET 

OR -SEAM' UP TO G L'EET. OR. ACCORDING TO FARISH.' X FEET. IN THE 

CBARUCTEI OF THEIR FILLING THEY SHOW, WITH TWO OR THREE EXCEPTIONS, 

A MARKED DIFFERENCE FROM THE NORTHEASTERLY VEINS. THEV CONSIST OF 

WHITE QUARTZ, WITH RARELY A LITTLE RHODOCHROSITE. THE ONLY METALLIC MIN

ERAL USUALLY OBSERVED IN THEM IS PVRITE, WHICH MAY CARRY A TRACE OF 

GOLD AND A FEW OUNCES OF SILVER, FAIT IS NOT REGARDED AS ORE. A STRIKING 

FEATURE OF ALL THESE VEINS WHICH WERE SEEN IN 190U IS THE SHATTERED AND 

CRUSHED CONDITION OF THEIR QUARTZ. THIS CAN NEARLY ALWAYS BE PICKED 

DOWN WITH PERFECT CASE AND IS OFTEN REDUCED TO A WHITE POWDER— 

SU£AR QUARTZ-* MORE OR LESS GOUGE, FORMED BY THE ATTRITION DUE TO 

RECENT MOVEMENT, IS RARELY, IF EVER, ABSENT AND NIAV CONSTITUTE THE 

GREATER PART OF THE MATERIAL BETWEEN THE FISSURE WALLS. 

•Loc.ciL./ifc-.SI.p.W!,. nUciup.!*-! 
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Like thf iiorihrnsierly veins, the northwest.-rlv loth- have heen 
formed with the iirconqmnimcnt of slight faulting. I lie greatest ver-
ticiil displacement recorded has been ->> feet.1 hut it i> generally tiiiteh 
less than this, ami may be only a few inches. In the ease of those 
lodes it is impossible to say how much of this movement has taken 
place after the original deposition of the quartz. It is the algebraic 
sum of all the approximately vertical movements since the fissure was 
first formed. 

Jieh.lt i1'" ,,T //»• a*'ftII <r, xterh/ t<i the t«'fth< iixti-rti/ halex.—It is not 
intended here to discuss 
this relationship, concerning 
which very different opinions 
h:u'e l»een held, bnt merely 
to present the facts upon 
which rests the more general 
treatment found on pages 
litis to -J7-J of this report. 

It has been found that in 
following the northeasterly 
lodes they are frequently 
lost at a point whetv crossed 
by a northwesterly fissure. 
It is commonly assumed by 
the miners that the former 
vein is faulted by the hitter. 
In such cases the ore-lteuring 
vein is cut off sharply bv the 
barren northwesterly lode, 
and by drifting to a greater 
or less distance along this 
barren fissure a vein is usual
ly found which is regarded 
as the continuation of the 
faulted lode. A notable case 

in point is the fiehavior of the Hiawatha vein on the 100 level, about 350 
feet northeast of the line of the Group tunnel. At this point the 
Hiawatha, on drifting northward, was found to be out off by a strong 
northwesterly lode. Richard's and Farish's interpretations of this 
feature and the steps taken to recover the faulted vein are shown in 
figs.. 47 and 48. According to Rickard, the fault has resulted in a lateral 
separation of about 175 feet in the case of the Hiawatha and of con
siderably less than 20 feet in the case of the Songbird, both nearly ver
tical lodes. It will naturally be asked, On what basis are tile sup
posedly dissevered portions of a vein identified on opposing sides of a. 

Mo. 4?.—Relation* t-f Hmuntlm. Songbird, and Enter* 
prise u> interpreted by T. A. Rickard. 

> Failsh, loc. cit., p. 1S7. 
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limitii!<5 northeasterly li—~ni«- f ll may In- an-wered timt iml milx ill'" 
in> i - I• ft:t i11  rriteria known xvhi'iv IHIIII >o inanx nearly xrrtiral wins 
of like rharacter. I>nt tlnil in -oni.- rase-oliviou»ly iiironvii idrniiii-
eation- have iiiaili'. and at-'' hrlir\-ed in hy tin* miner- lo-dax. 

Tin' Swansea vein. as sent on tie I"1.1-
foot level. a I salt Hito feet northeast of 

i tin- (iroitj' tunnel, is eut off sharply l>y 
a northwesterly fissure ami apparently 
ta II 11 i. witli a littoral sejxaration orotl-
-rl I I I '  ahollt 2-~> feet. The fault ill" \ rill 
dip- northeast at an a\rra»r anyle of 
aliont 7" . ami oarriosa little loxx-eraile 
ore. Tliis ore. however. i- ii l>inria 
ron-i.-tinir of fra«ritients from theSxxaii-
-••a vein, eeinentetl liy liarren xxiiile 
• piarl/. This fault is shown in plan on 
I'l. XXXVI. 

A  I i" i 1 1  I T . '  leet north o l  tin • i r o u p  

tunnel, on the loo.foot level, the •Inmiio 
\i.. :; \ oil! i-eut l»v one of I lie prominent 
noi t hxx e«terlv lode- previoii-lx liien-
lioneil. anil i- ap|iarenlly fanlteil. it-

northern eontiimation heiny thrown into the h:m«rii»«r wnll. From this 
point northward for a distuner of tf.'io feet, to the supposed junrtioiiof 
the .Imnho No. e and the Kuri-ka vein,-, very little yood ore xxa- found. 
A--hoxvn l»y the sketch plan. lie. 4!'. the veins in this portion of the 

I ' t i . .  I " — U i - l u l H t i i s  o f  I l i i i W i i t h . i  i i : t - :  I  •  

• • • : • v e i n v  i n t «  \ - y . U . ) : u  1 .  

FIG. 49 .-sSketch map of a portion of lOO-i'ina 1< VCI <>i the Enterprise mine. Hhowitur pmUihir relations 
of the Jumbo No. 3 and other northeasterly vein* un litfht lines) lu the northwesterly Imlr* (IU 
heavy lines). 

mine show many complications, which can not be wholly unraveled with 
the extent and conditions of the workings as they are nt present. There 
are at least three nearly parallel northeasterly veins known, any one 
of which may be the actual continuation of the fissure known farther 

22 GEOL. IT 2—01 21 
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south as the .lumbn No. "• vein. At tin- point marked . in figure 4i». 

the vein supposed to )»r tin- .luuibo No. •». swing.- abruptly north

west and follows tin- eonrsi- of a northwesterly fissure troni • to j. ami 

possibly bevoml. This siulden change of the vein irom one li-sure to 

another was noted hy Parish: and was eonsidered by Rirkard " as an 

instance of drag due to faulting. Neither observer appears to have 

been strietlv eorreet in hi> interpretation. There seems to be little 

doubt but that the vein l—l. wa» originally deflected into the fissure t-r'l 

as is shown bv the way in which the banded structure and character

istic minerals of the northeasterly vein curve into the new direction. 

Hut it is also true that there has been some later movement alone- t—r 

wherein- this original vein has been somewhat broken, and following 

which a second generation of vuggv white quartz was formed—the 

usual filling of the northwesterly veins. Still later this composite 

vein ha> been crushed and in places reduced to sugar-quartz by the 

movements which have >o strikingly and generally affected the north--

westerlv veins. This was the only case observed in I'.mio when- a 

northeasterly vein could be clearly seen deflected for >onie distance 

into a northwesterly lissure. Hut several other examples have been 

cited by Parish.-1 

The foregoing examples are those which are at present accessible 
and appear to throw most light on the relation between the northeast
erly and northwesterly veins. Hut th! relation can be better under
stood and will be more fully illustrated in the description of the Newman 
mine. 

That the tenor of the northeasterly veins is influenced in some man
ner by the northwesterly Assure.-: is beyond reasonable doubt, Rick-
ard 1 states that " it is common to find ores of more than average grade 
in the pay veins where they are broken by the cross veins.'" Super
intendent Percy S. Rider informed me that when a northwesterly lis
sure is encountered intersecting a northeasterly vein, the ore 111 the 
latter becomes suddenly poorer or suddenly richer, and the testimony 
of the miners generally confirms this statement. Mr. Rider also 
believes that the ore in the northeasterly vein always changes from 
foot to hanging wall, or vice versa, at such an intersection. But this. 
is certainly far from a universal rule. 

The blanket or "contact—This peculiar and iuteresting feature of; 
the Enterprise mine has already been referred to and its general position 
in the sedimentary series pointed out. It is largely an unconsolidated 
breccia, from a few inches to 20 feet in thickness, which rests bed-like 
upon the blanket limestone. Its average thickness appears to l>e about 
G feet. Sometimes the entire thickness is made up of a jumbled mass 
of small shale fragments embedded in still more finely comminuted 

< Loc. clL. flg. 9. 
* Loc. ciL, p. MS. 

'Loc. CiL, pp. 158-169. 
* Loc. cit., pp. 977-978. 
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shale. In it- upper part this breccia pa-se- with ii" sharp >eparation 
iiitu di-turbcd and crumpled black <>r dark-yra\ -hale, whieh beet unc
le-- liiiiken in it- upper part. Sometime- considerable fragment-
-oft sand-i are mingled with the sliale-llake- in the "contact 
lifeeeia. Wiien such is the ease the l in k diately UIHIVC the blanket 
i- usiiali\ a l«'<l <>f similar sandstone. the l.reeeiation having apparently 
involved tie- entire thickness of the Mark .-hale and a part of the over-
Iving -aiid-tuiie. There has undoubtedly hern some movement within 
the hrrcria due tn faulting pandlel with the bedding. a- shown by 
slii ken-idiii- and -oft. tough gouges. Hut thi- motion has been loeal. 
and tin' blanket as a whole can not he regarded as a simple iaull-
hreeeia. In structure and general appearance it suggests a mas-of 
shale and sandstone debris which has been dumped into an empty spaee. 
SiI el<-e indeed is this resemblance that in the New Year mine, where 
an old tunnel has been tilled with waste from more recent workings, a 

thi- artificial filling perfectly reproduces the characteristic 
appearain e of the blanket breccia. 

Not all of the Knterprisc blanket, however, i- made up of this brec
cia. It- lower part, resting directly upon the blanket limestone, is 
commonly a -oft. gray. pulverulent, silly material, containing occa
sional fragments of shale. It sometime- shows nearly horizontal 
lamination, indicative of a water-laid origin. This deposit varie-
tinieli in thickness and does not appear to be always present. Between 
it and the blanket breccia there is no well-marked plane of division.. 

In certain portions of the Enterprise workinys the ]>osition nsuallv 
occupied by the blanket is taken by masses of gypsum. in places at 
lea-t ].'• feet in thickness. A laryc mass of this yvjisum was encoun
tered in the ••contact'" workinys on the south side of the Group tun
nel. but could be reached in only one place in l'JOt). It rests directly 
upon the blanket limestone, or is separated from it by a variable 
thickm— of the gray. sandy material already referred to. At the only 
point seen in the Enterprise mine the gypsum showed typically 
irreyular solution forms, and in its relation to the "contact" breccia 
resembled a mass of snow buried and slowly and irregularly melting 
away under a landslide. When mining was in progress in this portion 
of the mine, cavities in the gypsum large enough for a man to crawl 
through were frequently encountered. The general relations of the 
"contact"' and gvpsum are shown in fig. 42, page 275. 

Although, on the whole, the blanket, like the strata between which 
it lies, dips to the southeast at about 10°, yet it presents many local 
irregularities. Undulations are frequent. One of the most important 
of these, known as the " Laura swell," is said to occur nbout 300 feet 
southwest of the Laura shaft and to be of the nature of a raono-
clinal fold striking a few degrees west of north. According to 
Mr. P.-S. Rider, in following the "contact" northeast toward the 
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Lniru >li;lft it i« found to fi~«- Mceplv IMP :I .ii l' :iiM>111 U" feet 
:tliHIM" ill'' iii<-1 itit• and thru resume ii» usual eenlie dip toward tin' 
Laura shaft. Northeast of this Lutra swell \erv little ore was found 
in the blanket, ami the upp"o.\huate line of the ilexurr ran ho recog
nized on the map of the mine as the northeastern limit of the extensive 
'"contact" workings tsee 1*1. XXXVII'. 

'I oward the southeast the blanket, as it i- followed under Dolores 
Mountain, near the breast of the (iroup tunnel, becomes thinner, 
shows less breeeiation. and carries but little ore. No further exten
sive exploration of it in this direction ran be undertaken from the 
(iroup tunnel level. Tite Lexington tunnel, however. 4*D foot below, 
is at its fare iwhirh is nearly tinder that of the (iroup tunnel) still 
Well below the blanket. 

About .oon ici't I pom it« mouth the (iroup tunnel passes through a 
tlat seam ol crushed shale up to [s invites in thivkuess. This material 
Pest> upon a bed ol limestone and is overlain bv (lark shale. It is. in 
hart.a lower blanket of limited extent, but similar to the Enterprise 

feet 

F i t ; .  . V b — M t m l i  p o r p h y r y  i n  t h r  h h u i k f t  s h a l e *  m i « l  b r o k e n  l » y  > n l ^ t i | i K ' t i t  m o v e m e n t ,  
Kntcrpri*'" mii»f. 

blanket tibove. At this point it is about 1"" feet below the latter. 
At the Enterprise vein the distance is about 14" foot, and this loeal 
blanket is said to have carried a little ore alone-side the lode. 

Ji fupt tre  /•'/(.'/'*.—Although the prevailing rocks of the Enterprise 
workings are sandstones, shales, and limestones, a few small musses of 
monzonite-porphyrv have l>een encountered. One of these is a small, 
irregular dike cutting the sandstones and shales which form the coun
try rock of the Jumbo No. 3 vein near the Liura crosscut. But the 
porphyry is more commonly encountered as thin, intrusive sheets. 
One of these sheets, only from 4 to ti inches thick, was noted within 
the blanket itself. It had been intruded in the shales before breeeia
tion took place, .and was shattered und displaced. A diagrammatic 
representation of such a broken sheet is shown in tig. .*>o. A short 
distance away from the point shown in this sketch tin-shales and por
phyry become more disturbed and pass into the tvpieal breeciated 
blanket already described, in which the broken fragments of the por-
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piix l ' \  -lirri iiaxc -il llt-rci i i-i -:i l. • • • < 1 i -| »i:i< 111. I liiati i- 'vv 1' -
Thicker IH-C-Iir in t lie blankn :iif i in I in-1 iliiil_> brd.icd -.-.i:IM--in -
nbox r ;i IK 1 brloxx il. Tiiry an- lt-li:ill \ rathe!" irregular ini'l iiaxr 1 II 
(li-l urbnl i i \ 111 i • M • r landing. hiri-ii i i:i - m »l«•» 1 ami -krlrhrd :i < l< »l 11 -
po-rd porplix rx (like nrarlx |>:ii':it!•'I t<> tin- hureka vein and onlx :i Irw 
fr.t ii.im tic- latter. Tiii- dike xva- in.! -rrn in p»'o. !• iiri—ii l»:t-
(l.-.-i iiM-.l it a- 1 »i• i111;" later than iln-nr.-. Tlii- appear- highly ini|ir<>1 •-
itlik . ami Id- error lut- irw !iki i. .mil. from a failure to distinguish 
plain— "i fau 11i11L;- from true ignrou- contact-. Our instance xxa-
seen in l'.'nn \\* i ie re a portion of an intm-ivr -heel liatl liern laullrd 
down »o a- lo i ll! "tl tin* on- in lin- blanket and give -oinrxvliat the 
appearance oi a diki*. it- Inn* nature. hoxvevcr. xxa- rstabli-hed by 
drifting* n in if r il a lew lerl lowrr down. 

.... .<»./ •..//<. /-«/..*. In n«M»all tin-
known ore l.odii- in tin- blanket iiad b.-rn rxlrarted and tin* -topr-
alloui-il itiravr. l'ortiuialrlx . limuarr. I In* nit ial tart- roniirntrd 
w iili tin- lilanki'l orr bodir- have Itrrn lat'li—ln*«l by l'ari-li ami bick-
anl ami ait* litirnr out bv actual later expioralion. I lir-r larl-max l>r 

I irirfl \ -I at ri I a- follow-: 
11..I ii tin* northeasterly ami nortlixxr-inly lodr- a- tliry approarii 

xxilliin "Jo t.f :;o fori of t lie ox r rl v ing blanket begin to .-pi it tip into 
st linger-. ami in 11 if thin-bedded -aiidslour-. -hale.-. ami Idaiikrt lime
stone xxliirli immediately underlie tin* lilailkrt these stringer- lirrollir 
a iirt\\11i'k of itiiiiutr vcinlct-. The xrinlet- belonging to tlir north
easterly lodr- usually carry rirli orr. but those belonging to tlir north-
\xi-ti-rl\- lodr- arr. like tlir lattrr tliem-elvc-. practically liarrni. The 
"ronlart" orr orrurs ill nearly horizontal Ilia—e.-. capping liotli tlir 
nortlira-trfly and uortliwi—trrlx' lodr-. These liodir- arr from a few 
inrlir- to or •! fcrt in tliirknr— ami up to of. fret in breadth. Tlir 
on- u-iially rest- directly upon tin- lilankrt limestone and lia- lirru 
drpo-itrd Iiv replacement of tin- lilankrt. particularly of tlir gray, 
pulverulent niatrrial in it- lowrr jiart. Tlie-e general relation.- tire 
diar-raiumatirally shown in tig. 43. page J'.'l. which is an ideal section ! 
arm— a northeasterly vein and it- blanket orr body. Although the ore 
hodir- have been mined out. the behavior of the veins as they approach 
tin* blanket may be observed at several point- in the mine. The ore 
bodies, a- a rule, have proved larger and richer above some of the 
barren northwesterly lodes than ubiur the northeasterly veins. But 
according to Kickurd* not all of the north westerly lode- (""cross5 
vein-") are cupped with ore. The strata beneath the blanket ore 
bodie- generally show greater faulting in the rase of northwesterly 
lodr fissures than in connection with northeasterly fissures. and the 
bulk of the ore lies on the downthrow II side l-rr tig. 43). 

The lodes arc not known to extend above the blanket limestone. 
Above the northwesterly lode-. Ii—lire- -hoxving evidence of reeeid 

1 J^H-. cit.. p. 1rt». iiti<l lit*. !<• ! . « • •  <  t i  .  | >  
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movement >outctiiiu-s extend upward through tin* overlying sediments 
fn a disianri' nl' :fo feet. iiinl possible iiu>iv. I>ut these tissuri". never 
carrv nrc. mid ui:iv simply be dm- in post-inim-ml movement along the 
lode- iirlnw liirin. 

It is known that vi-ins ncfiir on tin- west slope of Dolores Mountain 
above tin- hlanket horizon, on the Done I ree and other claims. They 
an- repnried tn contain much calcitc ami some low-grade galena, hut 
have III-I-II only slightly exploited, and apjioar to have no connection 
with tin- lodes known in the Enterprise workings. They have never 
heen identified with any veins below the hlanket. According; to Mr. 
J. (). Campbell, a vein was cut about 2»»n feet above the 4i contact" in 
sinking" the Vestal shaft. It contained"no marketable ore. On July 
12. I in M i. a vein of barren white quartz, about 4 inches wide, was cut 
G feet above tin- blanket near the Swansea vein. 

The splitting up of the veins into a multitude of minute stringers 
as t In-\ apjirnai-h the blanket, and the assneiated trans format ion of a 
simple fault into step-faulting smd flexure in tin- shales beneath mid 
above the blanket, render very improbable the idea that the veins 
wen- continued upward into the rocks above. The movement which 
resulted in moderate faulting- below was dissipated above in more or 
less irregular fracturing, slipping, and bonding of the thinly laminated 
shales and of the soft, plastic blanket. 

The ore was deposited in the blanket partly as an interstitial filling, 
but more largely by direct metasomutir replacement of the blanket 
material. In the Enterprise ground it occurs also in irregular masses 
and bunches in the lower part of the massive gypsum, when that 
material occurs in the blanket. But one case of such occurence was 
seen, and the ore. containing some quartz and rhodochrosite, had 
directly replaced the gypsum. 

The blanket breccia, the fine gray silty material of its lower portion, 
and the underlying blanket limestone have undergone much local silic-
ificntion over certain portions of the northwesterly and northeasterly 
lodes. The general appearance of such a silirified portion of the blanket 
is shown in PI. XXXIV. A from a photograph taken in the so-called 
Bridal Chumlier, over an intersection of the Jumbo No. 3 vein with a 
large northwesterly lode. At this point the blanket limestone has 
been shattered, and its fragments, as well as those of the overlying 
dark shale, have been cemented by pure white quartz. The fragments 
sometimes preserve sharp outlines, but, often rather shadowy, dark 
patches and inottlings in the white quartz. In either case they are 
themselves converted into fine quartzose aggregates, and contain no 
carbonates. As a rule such strong silicification and the deposition of 
ore in the blanket appear to be antagonistic processes. At least where 
the one occurs the other is generally lacking, or is subordinate. 

17,lc ore.—There is no sharp mineralogical distinction to be drawn 
in the Enterprise mine between ore from the northeasterly veins and 
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" contact " ore. (taleiiu iilld sphalerite occur in both ami arc 
ciatcd with one or nuuv rich sUver-lieariiiir minerals. im-l»uiin«i" lM,ly-
basite. stepli.mitc.' ar<rentite. and proiistitc. ."-«i«• t rich blanket 
ore often show ]ioivii:isiti' in crystals havum the characteristic six-
sided. tabular prismatic forms, witli triangular striatums. that arc coin-
inon with thi- mineral, (,'halcopyrite in comparatively small amounts 
occurs in both blanket and lode ores, whereas tetraheclritc was noted 
only in specimens of blanket ore. but may occur in the lodes also, as 
stated by Karish.'-' and is found in the Selenidc lode, in tin- Rico-Aspen 
mine. Quartz and rhodochrositc arc the common oanoue minerals in 
both classes of ore. the rhodochrositc beine regarded as a rouyli indi-
cation of o-ood ore. The latter, however, is less abundant in the 
blanket ore than in the northeasterly veins. Where the blanket ore 
has replaced massive jrypsiuii. the clear crystalline variety termed 
selenite i> usually present and forms with quartz ami rhodochrositc. 
the rtaiie'lie of the ore. 

The chief difference between the lode and blanket ores is structural. 
The lode ores are nearly always banded parallel to the walls of the 
lissuve. The blanket ores, on the other hand, are massive. 

The ore of the Knterprise varies widelv in value. The average dur
ing one vear was about tino ounces of silver and - ounces of cold per ton. 
One carload of about In tons js recorded, which was worth about 
Sis.ooo. ']•(„, jrqld has usually rnnjred from to ounces, the silver 
from loo to •_'<iii ounces, the lead front nothinjr up*to lo per cent, and 
the zinc np to la per cent. The silica ranges from about tin per cent 
to bo per cent. Richard3 has published the approximate compositions 
of first- and second-elnss ores as derived from analyses, and his tiirures 
are irivcn below: 

F ITM Stt'uiitl ein<>». 

! * »  r  v  i l l .  J ' c r v t n f .  

SiC> '*>. 2 : 
Mn -.0 ; it-in 
Fe U.8 8-to 
Zn 11'. 0 T 
PI) .... 1(1.2 •_>- ;; 
& ... '  11.IT .V- S 

Au n 0. 87 a tl. 3-0. a 
Ag •! 221.SO <i4-V-TR 

o Ounces per ton. 

1 Given on the authority of Farish (loc. cit., p. 161 j. who H!M> rvconls pyriirgyriic anrt native silver. 
All ot the So-called •• alephanUe " seen In 1800 proved lo be AntctiUlerutii KHIUIM. 

'Loc. ca., p. 161. 
'Loc. cit., p. 912. 

i-'itir y<. i 

Constituent. 
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l l i cka rd  r e ma rks  t ha t  t he  f i r s t  d a— wa»  nu» - l i y  " rnu i ac i  "  on - ,  w h i l e  
t h e  s ,M<i t i t l  r ep r e sen t s  t i n -  p r i nc ipa l  p ro d u c t  o f  t i n -  w in - .  

Tlic pvrib- which sometimes occurs in tin1 imrthwesterh lode-
u-uallv contain- traces of yold.ami up t" v or I" ounce- of silver-por 
ton. km i- neM-r rich t*noii<rh to work. 

N K W M . W  M I X K s .  

. S  t  I t h t f n  f n  I t / I t /  h  t s f t t f  v / .  —— Those, which in ivalitveonstitiUe Imt one 
mini' owned by the Swansea <told ami Silver Minmy Company. are 
al-o on Newman Hill and are worked throuyli several adits ahout IJMIII 

feet -onth of the mouth of the Group tunnel and at nearly the same 
level a- tlie latter. The yoncral relation of the workings to those 
of tin- Knterpri-e mine may lie seen from the eomhined plan forminy 
j'l. XXXVI. It was from the Chestnut vein in this property that 
tile lir-t ore ua- shipped from Newman Hill in l>~!'. and this dis-
i'ineri led ultimately to the openiny of the rich ore bodies in the 
Knterpri-e and llieo-Aspen mines. The Newmaii mines were worked 
aeti\elv in |s-4. after" a period of idleness, and have eontinned in 
iII11• rnti11• -itt operation to the present time. The blanket ore bodies, 
however, were not nearly so la rye as in the Knterpri-e. and of late 
year- the mine litis produced hut little ore and has been operated on 
the h ti-iny -\ stem. 

] > . , , i. —The mines are worked through three prineipal levels 
known a- tin Chestnut. Klinyender. and Swansea. All three com-
mtiiiieat. with the surface throuyh adit tunnels openiny on the steep 
hillside at sliyhtly different elevations. There are in addition various 
minor driftsaud crosscuts atother levels, and fairly extensive "contact" 
workings. A numl>er of northeasterly lodes have been exploited, of 
which tin- more important are the Chestnut. Newman. Newman No. :i. 
Klinyeinler. Soutlt Klinyender. and Swansea. The Newman No. 2 is 
in all probability the sauie as the Enterprise vein. 

('n t i n l r i j  /•»>•/. .—In all that concerns country rock and yenera.1 occur
rence of the ore. the Newman mines are .merely continuations of the 
Enterprise mine already deserilied. and it i- unnecessary to repeat 
those yeneral descriptions. The yeiier.nl dip of the beds is about 15-
a little west of south. 

Th> hull*. —As in the Enterprise mine, these fall into two classes— 
the northeasterly veins, which carry workable ore for lino feet or less 
below the contact, and the barren northwesterly lodes. The relations 
of these lodes to each other and to the overlyiny blanket are in yen-
ernl those observed in the Enterprise, but there arc many detuils 
obtainable in the Newman mines which can not be so easily seen in 
their laryor neiyhbor. The northwesterly lodes in particular are not 
only well developed in the Newintiu workinys. but have liecn drifted 
on for lony distances, and have thereby been well exposed. 
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Tin n.-rthra-terlv vein- in Iii<- New man working- average • -
inches in width. although mm-h wider portion- are -aid I" have I 
sloped ..lit. Banded structure i- a very .-..tumor. feature. an.I I in-
nifilial plane of tin- vein i- ..Hen' mark.'.! b\ vui;- lined with .piart 
.-rvstak 'I'lir pay KIT Ii:i-. a- a ruli-. an even IIIOIV limited vertical 
ram.'1" tlian in the Knterpri-.- mine. 1* rcpii'iitl v a vein carrying- rich 
.He ju-t beneath tin- blanket I to.. pom- tn work at a depth <>l 
7M or M I  fri'i IH-I.IW tin- lilank.-t limestone. I In- ore. unlike tiial ol the 
Knt.-rpri-.. i- in.if.- or le— «»xi.Ii/.•< 1. tin- rh«>dochro-ilo being partly 
converted to lila.-k oxi.l.- of mangam--.- ami tin- argeutifenm- •<ti!{:lii.I. 
partlv reduced to nativi- silver. 

The Chestnut lode. which i- accompanied by two or more nearly 
parallel lode-, and is i-ro-se.l In several northwesterly lode-. ha- been 
followed in froin the -nrfaee for a distan.-e of ahout 4.'»" feel, until it 
i- lo-t at tin- intersect ion of a iiorthwe-i.-rly lode known a- the Stvphcii-
••<-ro— vein." Th«-general dip of the ('hesimir i-northwe-t at from 

To . The lode i- partlv a -heeled zone eonipri-iiig ...- ^ 
-t ringer- up to M inches wide, separated In slahs of countr\ rock. 
Tic- |ia\ ore. a> seen in a -tope ju-t above the Chestnut level, wa- le
thal* I loot wide and partly oxidized, containing native silver. 

A ci'o-srut. driven north forabout loo leot troni the Chestnut lode, 
cuts several small vein-, both northeasterly and northwesterly, and 
linallv taps the Newman vein, which ha- been drifted upon for about 
son feet. Where intersected Iiv the crosscut, this vein is s in.-lie-
wide and dips northwest at 7."> . It i- a solid, banded vein, frozen to 
it- wall-. Toward the northeast the vein becomes larger and in place-
lili- a sheeted zone as much a- g feet wide. Comb structure i- a com
mon feature. Some portions of the vein have been brecciated and 
the fragments roughly cemented by ipiartz. leaving many interstices 
unfilled. The vein is cut off in this direction by a strong northwest
erly fissure known as the Cuarto ••cross vein,'* and its continuation is 
supposed by the miners to be offset about 90 feet to the north. This 
point, however, will be more fully discussed later. The supposed 
displaced portion of the Newman vein, beyond the Cuarto cross v ein, 
i- in the line of the Klingender vein, to be described later, and is 
known as the Newman vein in the Knterprise mine. It is notable in 
having contained good ore to a depth of I4n feet below the blanket in 
the Newman workings. 

The Newman No. vein is a simple plate of banded ijuartz. rhodo-
chrosite. and ore. about t> inches in width and nearly vertical. This 
vein is not known west of the Cuarto cross vein, near which it splits 
up into stringers. On the northwest it is slightly offset from the 
Knterprise vein along a small northwesterly'fissure. 

The Klingender vein lie- from so to foo feet northwest of the New
man vein proper,.and has been drifted upon from the surface for a 
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time's interrupted by n northwesterly lode in n manner that ran n«>t 
rrrlainlv In- ascribed to a simple faulting of one vrin by another. It 

; •» - > r e?' 

I t". l'iau juiiclii»h of Ihr ( \ i-iti aii-l 11in>rUira<lrril ct>lilililiuti«m «>! 
the iaulU'l Chr*iiuii vein. 

i- proposed to illustrate the foregoing statements by several examples. 
Tin' ( hi -tnut vrin. at the point where it meets the Stephens cross 

g  1 1  s  •  s  i n c h e s  

tn.. Vj.-i'imi of northeasterly bt ringer Inulird bv nnrthwvsii'rly stringer in roof of crosscut iron the 
Chestnut vein to the Newman vein. Newman miht-. 

vein, is nit oil sharply and its northeastern continuation is lost. It is 
supposed by those working the mine that the vein is faulted, and that 



Kan»««*H XKWMAN MINi:>. •» no 

its in>i-tportion has been otlset :il>ont loo leet to tIn* >oiuln»i-«t. 
where a small vein was found going otl northeast troin tin" Stephens 
rri•>- vein (SIT map. I'l. XXXV]I. This vein begins as « series of 
small, tight stringers. which gradually collect into a narrow lint ri<• 11 
vein. Tin- relation of this vein to the Stephens i* imlieated in fig. .<1. 
The small strin<rers shown are perfectly tight. ami the Stephens lode 
itself reveals hut slight evidence of reeent movement at this jniint. It 

' 0 

Seals » i * srtcv 
Flu. 63.—Plan of junction of the Newman vein with the Ciiurto crow vein. 

is plain front the sketch that the relation of the small northeasterly 
vein to the Stephens iode is not a simple disloeat.ion of one lode hv 
another. Furthermore, a fault which could result in a horizontal dis
placement or offset of 100 feet could hardly fail to fault the overlying 
blanket and the Newman and Klingender veins ton like extent. Neither 
of these veins, however, shows an}' apparent faulting hy the Stephens 
lode. 
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Several small rmrlhciisicrlv ami northwesterly veins or si ringer.-are 
out in the crosscut iron) the (.'hostnut to tin- Newman vein. Two of 
those wins intersect in the roof of the -crosscut, ami the northwesterly 
fissure faults the other about. .'> inches. a> shown in fig. 52. 

About s feet west of the point where the crosscut enters the Newman 
vein, the latter is cut bv a strong northwesterly lode (also visible in 
the crosscut) of barren crushed quartz. There is no recognizable 
faulting of the Newman vein. 

Whore crossed bv the South Klimreiuler cross vein, the Newman vein 
is pinched and spl its up into 
stringers, but is not notice
ably displaced. The north
westerly lode here consists 
of crushed quartz, and is 
about inches wide. 

Toward the northeast 
the Newman continues as a 
stron». fairly regular vein 
until it reaches the t'uarto 
cross vein. Within 4 or 5 
feet of the hitter, the New
man vein licnds abruptly 
north and persists for 
about 15 feet along the foot 
wall of the Cuarto lode as 
crushed and dragged, ore 
(tig. 53). It is commonly 
supposed that the Newman 
vein is offset at this jioint 
by faulting, which has 

effected a horizontal displacement of mi feet, throwing the northeast 
portion of the Newman vein into line with the lvlingender vein. 

This supposed continuation of the Newman vein is cut by the James 
cross win. and is distinctly faulted, the northeast portion being offset 
about a foot to the northwest. This northwesterly fissure also faults 
the Newman No. 2 vein in the same manner, the offset in this case, 
however, being only about 0 inches. 

Along the Klingendcr vein several small faults were noted along 
northwesterly fissures. The South Klingendcr cross vein faults the 
Klingendcr normally, offsetting the northeastern portion about 2 feet 
to the southeast 

The South Klingender vein is faulted by the South KlingendeT cross 
vein, as shown in plan in fig. 54. The northeasterly vein is curved 
and drugged to some extent along the fault plane. 

In general it may be said that the demonstrable faults in the Newman 
mines arc small in throw and normal in character. 

>j,,. M._j'iut) of jroiJili Klingendcr vein faulted by the 
froutii Klingendcr cross vuiu. 
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S ' l l i i i l l i m ,  i n u l  • / . • • •  • ' • • j m i -  n fTlii- lltilir i- sitllUlcd oil I lie south
western slope ol Newman Hill, jnsi north of l>cn<lwooil (iiilrli. A-
shown on l'l. XXXVI. it- workings an- enntiguou- in those ol the 
Enterprise an.I Newman mine-. Large amount- "t rich ore won* pro- : /'-J 

duced sul»c(|iicni lo (in- purchase of the mine hy the present company 
in lS'.'l. I'lii- ore wa- obtained chiefly from the vein- ami "contact " 
working- i" the nortiiern part of tin- mine in ground at that time in 
dispute hot ween tlii- company and the Hiiterpri-e .Minim: Company. 
Of late year- hut little ore has been shipped, and that ha- hcen mined 
Iiv a few leasers. All of the old "contact" working-and a large pro
portion of tlie drift- are m> longer accessible. 

( n i i i i i i i i  !••"•/.. Tlii- is tin'same as that found in the Enterprise and 
Newman mine-, in-hidinc the persistent bod of blanket limestone. 
The general dip i- from h> to la- to the southwe-1. Inspection of 
the IJI'i>hMj-ieal mapil'l. XEIi shows that this j. al-o the dip of the 
strata near the iin>uth I lead wood (iiilcli. the direction ol strike 
swimring around to the west in accordance with the main domical 
structure, of which the town of Rico occupies almost the central point. 

Access to the workings was formerly gained through live shaft.—the 
Aspen. Vestal..J umbo. Montezuma, and Silver Glance shafts. The pres
ent adit is the Syndicate tunnel, nearly 3.000 feet in length. For 1MK) 
feet the tunnel has a southeast course. It then turns about S. Til E. 
and continue- on this course to the face, which could not be reached in 
l'.iuo on account of the presence of gas. The Steplianite tunnel, which 
enters the hill just north of Ifeadwood Gulch, ha.- a course of X. 72~E. 
for about Too feet, and 'connects with drifts and crosscuts from the 
Syndicate tunnel. It is now caved in. The Syndicate tunnel is only a 
short distance below the blanket which conies down to this level at the 
Silver Glance shaft, a short distance south. 

The lodes.—Owing to the condition of the workings 110 satisfactory 
study could be made of the lodes in the Rico-Aspen mine. They are 
for the most part, however, direct continuations of those worked in 
the Enterprise mine, and are of similar character. The Syndicate vein 
is the same as that known as the Stephens, farther northeast, and as the 
Eureka in the Enterprise jrround. The J umbo No. 1' appears to cor- . 
respond with the Jumbo No. 2 in the Enterprise, and the Star is prob
ably the Jumbo No. 3. The latter ma}*, however, be represented by 
the Selenide vein. The exact relations of the Jumbo, Montezuma, and 
so-called Montezuuia-Jumbo veins could not be ascertained. 

The Selenide vein, which was being worked by leasers in 1900, has an 
average width of less than 6 inches and is usually frozen to the walls. 
It has a dip of about 85° to the northwest. It is filled with banded 
ore in evert' way similar to that already described in the northeasterly 
veins of the Enterprise mine. / 
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A* a rule. aiul I'M i'jiiin<j-1In-ili^puli'ii Iri i'iliM x <>n tin- iiui't ht'.'i*l. tin' 
veins siiv smaller and isut a- rich a* in the Knlri ps i-.- umiin^.. 

Nnithwosterlv lodes are mimeions in tin- Wire-Aspen uorkings. and 
many of  t l i ons  a i f  w e l l  expo sed  in  t i n -  S i l ve i -  ( i l anee  ds i l t .  wh ir l s  e .  M i 

ner! s tin- shaft ut' tliat nan'ie with tin* Syndi.ale tunnel. These. as 
clsewhei-e in Newman Hill, aiv rilled with barren while ,,nas i/., slsow-
isiJT more <»I' less crushing. Plley ail'generally ai-euinpanied bv slight 

N H -  s  £  

FIG. 5S. Diagrammatic icrtinn thr,mKh the Monte«.ma vein. .shn,vii,t- («„iuMe blanket end 
occniTence 01 n so-nnil ore-bciiriliK horizon bclmr the blimket llinesnine. 

normal faulting, the inaxinsuni displacement observed being about o 
feet. 

The blanket.— But little of this can now be seen in the mine, but the 
portions visible are of considerable interest Above the Montezuma 
vein, just north of the Syndicate tunnel, the blanket is reached at 60 
feet above this level. It resembles closely that described in the Knter-
prise mine, but is here subject to more sudden rolls and chancres of dip. 
In places it has also undergone considerable differential movement, as 
shown by very irregular slip planes traversing the soft shale breeeia. 
These are particularly abundant in the upper portion of the blanket. 
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j„-t tlir los- d i -turbed black -halo - i n n ..i l l - t h e  roof- 11"' L-I.. 
,.nl | ,i i ,, ..| t i n - b l a n k e t  i--o u t i .wc -i :.i f r om 1" <" • 

Near  t i n - point t i n ' Mo ..t.'/.ii..in vi'in  i- . - i i l  by two  northwesterly 
v rin-. I ll-' -'Utl.crn ono fault- tlx- Montezuma. offsetting tlx- nortli-
c .st pari of tlii- vein a few foot to tin- southeast . AIH.VO tin-
ti„„- i>1 tin-.-vein- tin- dark slmlo breccia l.a-been 1 x-uittitull.v siliell.ed 
In wlnii' .|iiartz. AH tlx- tiix-r li.ati-rial of tin- breccia lias boon replaced 
l .v ]mi-.- whin ' ipiartz . while tin- larger fragment.-. partly silicitiod . per-
- i-t ;i- in .ir*' HI lo— -Itadowy dark mottling- in a dazzling wl.ito matrix . 
N,. \\a- - ' I ' l l  in tl>'- l'lanki-1 at tin- point . 

'I'l l .- M o n t i '/nma v o i n  l o r  a -pur from i t l  f a u l t - t i n - blanket above i t  

a-shown in tig . Tin- dislooalion i - normal, and tlx- vortioal di-
p l i i .' i a 1 1 '-111 i- i d i o u t  - foot. A portion of  t i n - v o i n  t urns  off f l a t l y  i n t o  

J> H' 

Fh. v.-lv.r:!; .J.afra...iiium- sk.i. h -f Hi.' e>|~..i.i . ..i.i.o I " ....-I in.-l.i-iw: Usl- «i U'«' -lix-r 

:i l.od o f  -hale Mow t l i o  strsitiunof Manko t  limostono . and has fonnod 
ii noarlv horizontal tiunoli of stringers and sotno ore. constituting a 
local or . horizon la-low tho main lilankot i-oo tig . .».d . 

I n  t h o  v i o i n i t y  of tho S i lver  (Maine shaft large masses ot gypsum, 
oooupving tho stratigraphic position of tho lilankot . art? well exposed , 
ami oxoollont-ootionsof tho rook- immediately underlying the hlsinket 
horizon are obtainable in the . Selenido drift near this shaft . 

THO GVP-INN FORMS A SOLID, MASSIVE, CRYSTALLINE BOD. THE MAXIMUM 
TH'IEKIIE— OF WHICH IS UNKNOWN, BUT WHICH IS PROBABLY CONSIDERABLY 
OVER ». FOOT. WHEN DRIFTS ARE RUN UNDER THIS GYI>SUIN. THE UNDERLYING 
THIN-MLDED SHALES, SANDSTONES, AND LIMOSTONO CAVE AWAY UP TO THE 
GVP-UIU. LEAVING THE UNDER SURFACE OF THE LATTER AS A SOLID ROOF. AS 
A RULE THIS SURFACE IS VERY EVEN AND DIPS TO THE SOUTH AT ABOUT TIY. 

•J'J I;K<U., IT -—OL——--
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When-ver if |»r«— f i i t  — r c g u l a r i i \  i l  n - a »  d i r e c t l y  II|iiMI till- blanket 
Ii11ii--1«»i11• with ini inii r 11! ilir II-II.II lilaiikrl elsewhere Inniul ai tiii-
luirixmi. In such case* tlief' i> m> nrr huiad. 

]>ut liir IIMIIIT surface nl' tin- _try|»-itin i- not always rvi-n. Il i» 
sniiii'tinn's irregularly corroded nr ilis-uhnl away so that it becomes 
I lit ii •< I with rounded cavities. up in s feet in diameter. resembling 
i i i v i ' i ' t f i l  |  H  i t  h u l l ' s .  (  T I ' I  i t i ]  i - ~  n l '  i i i i ' » i ' i ' a v i l i i ' s a n -  s h o w n  i n  l ' l s .  X X X I I  
au i XXXIII. .1. which arc from photographs taken just north of the 
Silver Glance -haft. and a -ertioh m-nss such a group is shown in 
ti . tr- When siu-h eavitic.- arc lirM opened they are reported to lie 

usually part ly tilled with loose, spongy 
"" gypsum." Wherever the gypsum 
shows no solution it rests snugly upon 
the blanket liuiestoiie with a perfectly 
sharp and tijrht lieddinjr contact. Hut 
wherever solution has attacked the 
underside of the gypsum. more or 
less of the gray pulverulent male-
rial. already ilcserilied as a charac
teristic feature of the bottom of the 
""contact" in the Enterprise mine, 
always lies upon the limestone (see 
fie. oli). 

Toward the south the gypsum thins 
out and disappears at the Silver 
Glance shaft, where its place is taken 
by the usual silty '* contact'' material 
up to 4 feet in thickness, grading 
above into a breccia of shale and sand
stone. This thinning and final dis
appearance is undoubtedly the result 
of the removal of the gypsum In
solation. The general relations of 
the gypsum to the blanket and to the 
inclosing beds are shown in fig. 5(5. 

which is a sketch of the side of the Silver Glance drift just northeast 
of the shaft. 

The thin-bedded sandstones and shales which underlie the persist
ent bed of blanket limestone are well exposed at the point of the 
above sketch and also in the Sclenide drift near by. In this drift the 
splitting up of individual beds of sandstone or shale 3 or 4 inches 
thick into several thinner beds and the freipient complete wedging out 
of the latter can be plainly seen, ihese very thin beds, particularly 
the shales, are frequently locally distorted and even thrown into small 
overturned folds, although more massive beds above and below them 
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FIG. 57.—Plan of small gosh viens produced 
ou underside of grpvum bp tbe dying out 
ni n stringer, which appears a few inches 

as the straight reinlel A-B. 
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arc in it m>l ieenbly di-turbrd. It i- l>i|t a <-|• from -ueli a delnnni'd 
licil ill -hale In (in• production of a shah- breccia identical with -omr 
of tin- -"-ralli'i! " contacts " nf thi- region. The l«*<l of limc-lotic 
imuicdiulcli beneath the gvpsitlil is without much dnilbf lli<* same a-
rite lied underlying- the blanket in the Enterprise mine. In this por-
ti*>11 nf Ii'ii- h'ico-Aspen workings, however. there is a second very 
similar im,!. stratigraphieally a few feet below it 

Ncar lln- Silver Glance sliaft the >elenidr drift is so dose to the 
blanket horizon fliaf the Selenidc vein docs not appear as a simple vein, 
lull i- up into a inultiliult' nf small stringers nf white quartz. 
Snmi' northwesterly veins which ncciii' at this point, exhibit similar 
heiiavinr. 'I'liese stringers are usually less than 1 ineli in width and 
ail- WTV nimierntis. They show a general tendency toward paral-
leli-in wiiii a eniirse nf N, an- K. Thev all die nut at <>l" hefore reach
ing lie- ii'iiinm nt tlie lied nf gvpsuni. Main are mere gash veinlels. 
dying out above and below in the thin lissile lied- lielnw the blanket 
1 i 111' • -11 'in-. St ringers which reach the bottom of the gypsum, or rather 
a thin -halv -kin adherent to its under surface, frequently split at the 
point nf disappearance into a curious linear system id' gashes. rcpre-
sciiied in tig. .17. One or two stringer- were noted passion up into 
tie- -iity blanket material which underlie- the corroded gypsum. as if 
they wi-re of later date than the formation or deposition of this 
substance. 

South of the Silver Glance shaft the blanket can no longer be 
reached. All accounts agree that it contained ore and that it acquired 
in that direction a steeper southerly dip. At or near the line where 
the geological mapping indicates the existence of the Dead wood fault 
the lilankct and its ore grew thinner and suddenly turned down with 
a -teep dip to the south, so that it could no longer be followed with
out sinking. 

LEXINGTON TUNNEL. 

This tunnel was driven at a cost of $64.0U0 to undercut the workings 
of the Newman and Enterprise mines. It has a straight course of S. 
75° E., and a length of 3,000 feet. It cuts the Newman Hill lode 
systems about 350 feet below the lowest level of the Enterprise, and 
has a connection with these upper workings through the old Jumbo 
shaft, about 70 feet north of the tunnel and about 1,000 feet from its 
mouth. This shaft is 950 feet deep and extends 65 feet below the Lex
ington tunnel. According to Mr. Charles Newman, its bottom is in 
porphyry, immediately above which is some soft, broken shale, consti
tuting a kind of''contact" 

The Lexington tunnel is mainly in massive sandstone of the Lower 
Hcrmosa, with subordinate lodes of .shale. The general dip is S. 35° 
W . at from 10~ to 15°. Several veins arc cut belonging to the north-
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ea-terlv and noriliwesieriy systems. 1 nit at tlii- depth I hey are all small 
itinl relatively barren. The breast of tin- tuniii'l enuld not lir reached 
bv :ili>iiit .">iHi feet. but tm vi'in was observed over •; inches in wiiitii. 
and nimr wliirli carried workable ore. Tin- Eureka-Stephens >yudi-
catevein i io».-e- tin' titnni'l about 75 font wot of tht' crosscut connect-
inp with tin- .1 tunIMi shaft. A few font west of tin* vein a dike about 
15 inches in width wa« nit. Its course Is about northeast and south
west, and it dip* west at 75-. The rork i» tnueh decomposed, but 
appear- to be a liiie-trnmied pita base, distinctly d liferent from the usual 
pray lii mzouite-porphyrv. common as intrusive masses in the Lower 
llermosa sediment-. This is perhaps the same dike noted by Karish 
in the Enterprise mine. 

No ore has been taken from the Lexinpton tunnel. It affords, how
ever. a sturtiup point for prospee.tinp farther ea-t ward, muler Ibilorcs 
Mountain. than i- possible from the Group tunnel, whieh. on account of 
the pcneral southeasterly dip of the stnita. can not lie continued much 
farther without iiittiup throuph and cominc' out above the Enterprise 
blanket. The indications for the existence in this direction of prolit-
ablr liodic- of blanket ore. and productive veins yet undiscovered, are 
not altoprther eneourapinp. ^ et it i- difficult to tind a pood reason 
for driviup the Lexinpton tunnel thus far. unless it was intended to 
carry it farther. 

(ail.llKN KLKECK OK XKW VK.\I; MINK. 

This mini', which is not at present of pleat economic importance, is 
yet of considerable interest. It lies at an elevation of about ft.U.Mi feet 
on the west -lope ot Newman Hill, near the southeast corner of the 
town of Hico. It is entered by an adit tunnel about -Jtnt feet below 
the Group tunnel, and. althouph from 5o to |oo feet hipher than the 
Lexinpton tunnel, this adit penetrates beds -tratipraphieally lower 
than those seen in the latter. 

The tunnel enters in porphyry, apparently near the upper part of 
the thick sheet of monzonite-porphyry mapped by Cross and Speucer, 
and by them described as intrusive into the Lower llermosa sediments 
and attaininp a thickness of 500 feet. It is without much doubt' u 
portion of the same mass in whieh the Skeptical shaft is sunk, which 
is reached in the bottom of the Jumbo shaft. 05 feet lielow the 
Lexinpton tunnel, and which is encountered in the diamond drill hole 
driven from the floor of the Syndicate tunnel. 

The tunnel, from the mouth in, follows a vein in the porphyry for 
several hundred feet. This vein strikes about X. 75- E. and is 
practically vertical. It is usually simple, about •; inches wide, and 
is frozen to its porphyry walls; but it sometimes divides into tight 
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-trim-cr-. I i ,':,rri> - -|tlt:igalena. ami py rile, and l"« i"y''.dr. 
\lmvethi- vein. and re>|ing the upper-urlm e ..I |»'t |.li> r> 
sheet. which dip- i'1 tl..- lontii. t rarrymg »«v. At 
tin- point lirsl -ecu. tl.i- I.IsinktU i- :.l.o.it h ted thick. .At •«> botlom. 
resti'mr upon tin- porphyry. i- ahout > inclie- ol em-lied ipiartz con
taining -ulphid-—chiefly p.vrite. Above tl«i- •- 's of sott 
shale hreeeia. tin'ii alioiit <> influx of disturbed black or dark-gnu 
-bale Above thi- n-t- t-> foot of -oft. gray. somewhat calcareous 
shale-. which .•rii-ln-.l and disturbed and sometimes reduced to a 
gravclav. Tin- top of tin- blanket wih not vi-ible at thi- point. I lie 
fragment-of-hah- an' usually impregnated with tiii<- pyrite. I heir 
i> not alwav- a -harp lint' between the dark ami lighf shales and the 
latter an', in part at lea-t. Iileaehed ami altered forms of the former. 

Abow .vein- whi.'li enter it from below. the lilankel hreeeia is 
fretpientlv eenienli-d and silieitied by .piartz carrying pyrtlc. In spell 
ca-e-the-hah- frae inenl - can lie recognized merely a- -ilieeoii-blotches, 
of uncertain outline, -iirmnnded hv white .piartz. 

In the -opthern part of the working- tin- porpiiyrt -heel eati ho 
-em dippme down at about :->o in a direction S. 1~ lis eontaet 
with tiie shale- i- plainly an eruptive one. although the -In-et in general 
follow- the bedding plane-. The blanket hreeeia doe- not always rest 
dircetlv it) tin- porphyry, hut is sometime- -pa rated In a varying' 
th.eknes- of shaie. 

The lilanket ore. of which not much wa- seen, consists chiefly of. 
chaleopvrite. pvritc. galena. and sphalerite in a somewhat spongy 
ipiartz. uamjtie. It is entirely different in character and much lower 
in grade than tin- ore of the Knterprisc lilanket. from which it is 
separated hv fp'.lv 400 feet of strata. The two eontaet-are dilleront, 
not onlv in character, hut probably in origin. 

UXIOX-CABBONATK MIXK. 

Sitmiii<»t.—I'erehod at 1111 altitude of lu.4"" ha't 011 the northwest 
spur of Dolore- Mountain, the shaft house of this mine is easily seen, 
on looking due east from Kico. as the highest of the mine buildings 
that dot Newman Hill. It lies just a mile east of the town in a straight 
line, but is reached by a road which zigzags up the slope of Newman 
Hill and'passes over into Allvn Gulch. 

—Work on the mine began in IS"'.', when two tunnels run 
in from the hillside struck the same ore body, and litigation followed. 
From 188U to lbST the mine lay idle. Then after spending some 
S2o.0UU at law. the contestants agreed tu work the mine together. 
Operations were resumed, and ore was extracted until 1894. The 
total product has been about $>100.0i>0. although the workings are more 
extensive than in many mines which have produced several times chat 
amount. 
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/>,#•.i. iji-n .- Tin- mint* is opened l»v a >liaii feci deep. arid l»y 
three tunnels iomireting with tin- shaft ««n Iw.. main l. x.-l- at !!'•• feet 
and :.'l" feet below its collar. A rough sketch map <•! the principal 
workings (based mi hand-eonijius> readings and pacing'• is shown in 

tig. ;>s. 
A fourth tunnel, known as the I4 ickle (ioddc»s iimncl. has liccii run 

in from the side of Newman Hill, on a course N. s:-5 \\ . tor a distance 
of feci. This is intended to connect with the deepened I'nion-
Cnrhonate shaft about )St»U feet helow its collar. 

('a m i T r i / f x -k.—This is in general the same as in the hnterprise sand
stones and shales of the I-iower Hermosa. with an occasional lieu of 
limestone. The general dip is southeast or east at i<»- to la-, 'lhese 

'V 

?iOfe*e> j08Bv: * 1 

o too toe feet 
Flo. fcs.—Sketch plan of the principal workings of tin* I' l i ioi i-i nriM»n»u«* mine. 

beds are cut by sheets and dikes of monzonite-porphyrv. The sheet-
like intrusions are more numerous than in the mines farther south, 
and appear to have directly influenced tbc on- deposition. Although 
the workings in all probability psiss through the same stratigraphic; 
horizons that are encountered in the Enterprise. Newman, and Kico-' 
Aspen mines, yet the characteristic blanket of these mines, with its 
underlying blanket limestone, overlying shales, and included musses 
of gypsum, can not be identified in tbc Union-Carbonate. where ore 
deposition took place under different conditions. 

Occurrence of the ore.—The country rock of the Union-Carbonate 
mine is traversed by numerous vertical veins, which show but few 
points of resemblance to those seen in the Enterprise, mine and in the 
southern part of Newman Hill. A few fissures have a nearly north-



I' N 11 > \ •< A I! H"N ATK MINK. •' '> 

aild-»oill li course. I .lll t in- are relatively unimportant lb I I I -
greater iiiii111Mt strike Iroin N. W • I" ^ 
In- i"i*i11«• IIii•<*r<*«I that tiif nt»i'ili\\t*~ii*i l\ li-»iii' * "• 'h l-"l I 
and neighboring mines rarely depart more than 4d "••"i a "••'in 
s i  n i t  I i  c ourse .  t i l l '  i i i \  tTj_«  f i i f i  •  u sua l l y  he ing  on ly  a  !<*«  d e r i v e s .  I  I n -

prominent win- of the I nion-( ai'liiinatr. howexet. •''' •111 '* '' m"" 
nra.lv east and west tlian n.-It I, a...U..Mt h. It is doubtful \x lirl her I iiry 
r a i l  h e  r n n - i d r i v d  a -  i M •  I . » i . i 1 1 i . * "  > "  t h e  s a m e  s y s t i M i i  a -  t i n -  u o f l h u  < - l < ' f l y  
li-snn- previously described. The northeasterly vein- of the Fnler-
jiri-.-. N-uinan. and Ilin-A-prn mines. were nut recognized in tlir 
l"n it it i - ( ariiimal - xvorkit.es at all. If tliry occur. it is as i,,>iguiiicaiit 
stfinrri's nf an known importance. In tin- I'ieklc (n»ildrs» innnrl. 
however. frrt hrlnw and to tlir west t»f thr collar of tin- I niun-
C'ariMinatr shaft, several northeasterly veins are .rut. hut thex dn not 

p(1> =i«i DntLTiiminiitii intfili-stituIt *•••« ii«»n tiir>«n!»h tIt»* T nioii-f "tun-. 111•;^Iri•.t»11l.' iho 
LVJMT. II strurtnrv n f  ih«-  r - x  k  a i n l  >•»!»*•  •»{  l ln-  in»rit» u « M « T ' * .  u t t - i  lJi»*ir  

tvi i i tHin !«»the hlmikci* Ht i ' l  «»ri-

resemble those in the Knterprise ground. and curry little save quartz 
and low-grade pvrite. resembling the northwesterly rather than the 
northeasterly lodes of the Knlerprise. 

All of the veins seen are small. They are .sometimes composed of 
quartz carrying a little pyrite or low-grade ysilenti ore. Frequently 
this quartz is crushed and the vein is often nothing more than a lissure 
tilled with a little crushed country rock, broken quartz, and gouge. 

These fissures are usually fault planes, hut the displacement is rarely 
more than a few inches, and is usually normal. Several such faults 
can he well studied in the crosscut south of the shaft on the gl"-foot 
level, and some of them are indicated in the general section of lig. n't. 
One vertical vein with a nearly east-west strike, followed for some 
distance bv the main drift on the ltiu-foot level, is connected with a 
vertical displacement of the country rock amounting to uhout .> feet. 
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Tin- i"i-k« <>ii llir >ouili )i:t\ i- been dropped relative to rlm-r on the 
noriii. 

A- ;i nilf. tin- vein- in tin* I ninn-t i'l»i* mine carry no workable 
ore. Tin- i- found only in so-called "contact-" near their inter-eet ion 
Uv tin1 vein fissures. An exception to thi- statement must he made an 
the case of one important vein striking N. (»."> W.. and dipping soutii-
we-t at s;. . which carried ore to a depth of or 4<> feet helow the 
main blanket horizon. Some of tin* largest and richest lwtlies of 
blanket ore occurred above this fi—urc. 

There are several so-called "contact-" in the mine, and a> they 
clitlt-f in character, they will be -epai-ately described. 

The principal ore-bearing blanket passes through the shaft a few feet 
above the l!>o-foot level, but is cut by the hitter in the southeastern 
portion of the wor.xinjrs. owing to the General southeasterly dip of the 
inched no rocks. In the extreme -outlicrn portion of the mini'the dip 
rapidb increases up to t>(> . and carrio the contact below the ^lo.foot 
level. This •"contact" is generally 4 or :> feet in thickness, and rests 
upon an intrusive sheet of porphyry. In the northern part of the 
mine it i- overlain also by jmrpiiyn. but the latter sheet thins out 
toward tlie south and east, and the blanket is there overlain by shale. 
There is considerable irregularity in these relations, however, and it is 
not uncommon to find the porphyry roof suddenly giving place to 
shale, or vice versa. 

In its less altered, condition the blanket is a breccia of somewhat 
mineralized fragments of shale and |mrphyry. Where the roof is 
shale the particles of this rock predominate, even to the exclusion of 
the porphyry, and the hreeeiu presents the appearance shown in 
PI. XXXIV. Ji. which is from a photograph taken on the downward 
incline on the. southeast corner of tin* i|n-foot level. The blanket 
material at this point consists of angular fragments of gray calcareous 
shale embedded in a gray clay apparently derived from the disinte
gration of the shnic. Some of these fragments arc as much as a foot 
cube, and in the bottom of the breccia lie in all attitudes. Near the 
top. however, they remain with their planes of bedding more nearly 
parallel, and pass with no sharp break into the less-disturbed shales 
of the roof (PI. XXXIV, J}). All of the shale fragments show 11101*6 
or less alteration. Many ure bleached nearly white and effervesce 
freely with dilute acid, whereas the darker fragments contain less 
ealvite. Accompanying the change in color, there has been some 
replacement of the shale by pvrite. which tends to form in thin sheets 
parallel to the general laminations of the shale. In some cases, how
ever. a bed of the shale three-quarters of an inch or more in thick-
no** may be observed almost entirely replaced by quartz and pvrite. 
A characteristic feature of such replacement is the formation of little 
vug-like cavities partly filled with porou- quartz und a resultant porous, 
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friable stnirtnir ill the whole replacing JlJi'tT''"•Lr"!'*'"- :l drau-
.iug. actual -izi . "I such a replaced band "1 -hale. which a b*w lent 
uwav i> niilv slightly mineralized and pn*»er\ c- it- shaly structure. 
At least a part of the movement which produced tin* hreeeialinn i» 
later than this ininerali/.ation 

Ahnvo tile p.in-t'init level, when* the blanket lies between two sheets 
nt porphyry, and particularly above tin more prominent northwest 
veins, the breccia has been vigorously altered. In some places it 
is u .-olid body. •"> feet in thickness, of white quartz and pyrite. 
Soinetinies the latter predominates in crumbling masses containing 
bunches of galena ore. At other times the quartz has a poiou-. honey
combed structure containing pyrite and free sulphur. In some such 
cases the pvrite seenisto have been partlv dissolved and carried away 
without deposition tit anv residual oxides of iron. In others the 
porous structure has plainly resulted directly from the uietasoniatic 

(CO 
$.*.*• c 

AtrenaJ swe 

Pvtttt • • • 

Soer.f, 
*na pr 'tte 

Pyrite 

Altered sha<c 

Quartz 
less altered 
s h a t t  

FIN. CU.—OF >I LAVCR OF SHALE BY PYRITE (HLURK^ <|II;IRTZ. SHOU'IUI* CLIARHCTCR-
MUH'.I VTN,"* WITH OUTVR OF PYRTTE I«U«L IIUHT LINITU' .IF .JUAN/. T-RYMIIIV 

replacement of fragments of porphyry by quartz and pyrite. with the 
removal of some of the constituents of the rock. Frequently the 
blanket quartz is crushed to a white powder—" sufrar quartz." 

The masses of quartz and low-grade ore just described have resulted 
from the replacement of a breccia of porphyry and shale by quartz 
and ore. ^ here the process has not been so complete, fragments of 
porphyry may still be detected in the silicitied mass. There were at 
least two steps to the process, the quartz of an earlier generation 
having Wen shattered and recemented by later deposition. 

However this blanket breccia may have been produced, it lias cer
tainly Wen to some considerable degree a plane of faulting, the beds 
above it having moved relatively to those Iwlow it. lint the extent 
and direction of this movement arc wholly' unknown. The exact 
beheviorof the vertical veins to this I tedding fault could not IN* ascer
tained. I hey apparently do not split up into stringers on approaching 



. " » 4 < >  <»I JK  HI -  KI <  "  M " i  \TA IN * .  " ' M i l : A l l " .  

t h e  b l anke t . - a -  ' I "  t i p -  vi'iii- i i i  t i n -  K i i t i - r p r i - ' - .  T l n - y  j»i.» i» - . » l> lv  p a s s  
upward  t h rough  i t .  . - t i l l e r i ng  more  o r  l« - > -  d i sp l acemen t .  

Below tiii- prim-ipal Idaiiki-t oectir several other-of !•— i-Mi-nt ami 
important-!- ami nt dillereiit i-|iarai't'-r. I lu-so m-rur in ix-d- o| dark 
shale. partieulurlv in tliin bed- lying between bed- of -aiid-tone nr 
-beet- >>( |nii-|ilivrv. Wln-ii fully di-vi-lopi-d these blanket- eon-i-i of 
IIIII'Iin>n> vi-llnu rlay. usiiallv linely liandi'd |iarallrl to tin- general 
bedding nf tin- rock- lii-ivvi'i'ii wliii-li it lies. "Iliis clay is an alteration 
pruiliirt nf iii>- -dial'-. and tin- banding is tin- result of tin- original 
slialy lamination. Tin- various steps in tin- change fnnn shale In vol-
low clay may l»- well si-i-n in tho erosseut running south fnnn tin-shaft 
oil till- 'J 11to.  >( ll -VI'l. 

In tin- v ii-iniiy of. -oiiii- of tin- vertiejil tissuri-s tln-si- i-.lay blankets 
souii-tinn--- i-outaiii bum-he- of ore. usually in tin- form «'f impure 
arm-inili-rou- load carbonate.-. with oonisionally sunn- rosidiial galena. 
Such an oto liodv vvn- -toped out front tin- southern adit tiiinn-l on tin-
i|i>-foot h-vi-l. It extended for about 4 f«*«»t into tin- lilankot on oaoh 
sidi- of a vortii-al li-sitro striking X. To \V..aiul averaged about .'Moot 
in thii-kni-.—. In this ea-o foot wall and roof wi-ro Imth of porphyry. 
In tin- neighborhood of tin- shaft this shalo lied. in part altered to olav 
and ooi-a»ionallv earryiiig a littlo oro. is probably aluml tool below 
tin-main Maukrt previously 'described. In tin- southoru part of tho 
workings they ooino eloser together. Tlioii- has boon no faultingalong 
this lowor liliinkot horizon. as shown by tho ooiitinuitv nf a dike of 
porphyry wliioh ooimoots with an overlying intrusive sheet (see tig. .">ti. 
]>. M4M). Tin- shah- ha-> IH-OII eha.-iged to olay in situ bv eliontieal proi-
ossos. iinaith-d In attrition. 

Blanket- similar l" tho la-t. ofton of vory looal oxtont. won- notod 
at otbor strut igraphio horizons. Still othor lilaukots art- said to exist 
at M"" and toot In-low tho miliar of tin- shaft, but thov oould nut ho 
roaohod in ltiun. 

Tin • oto shippod from tho main hlankotof tho I'liion-Carbonate mine 
averaged about sgo per ton as prions woro thou, and was therefore of 
low grade ooiiiparod with tin- Knterpriso or Rieo-As|>en oro. It is said 
to have been 7 foot tliiok in places, and oould booasilv mined. It con
tained about u. I ounce of {fold. lg ounces of silver, and a varying 
amount of lead. 

KUItKST-l'AVaOLI, MINK. 

SituntKrti. — This mine is on tho same spur of Dolores Mountain as 
tho Union-Carhoiiato. hut lies on the side, toward Allyn tiuloh, with its 
principal adit at about lo.laO feet elevation. 

Ihn-fihijHH.-iit. —Tho prineipal workings are reached through the Pay
roll tunnel, about 4"0 feet in length, running S. W. This tunnel 
connects with drifts, winzes, and stopes, on two nearly parallel veins, 
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•Did with irregular working- in < "i11;(• • i- I'lankei-. lying 
• i i v  I  i n -  < > l  h e r .  T h e r e  a r e  i n  m i . i i l  i n n  " I  i n ' I '  I  l l i u i i ' l -  r u n  i n t o  

t i l l '  l l i l l - i l l i '  I I I  h i g h e r  e l e v a t i o n - .  
<  . . . 1  , , t  r , ;  .  T i l l ' -  i -  I I I ' '  I  , • ' U  e l '  1  1 <  : ' " H  > - : i .  "  O l l - i - t  i l l g  " I  - l l . ' l h ' - .  

s u n d - t o m - .  a n d  l i m e s t o n e . - .  I t  i - < - v i 1  i » \  - > n n -  l a r g e d i k e - o f  m n n z o i i i i e  

p o r p h  v r \ .  w h i e h  a r e  I ' u i i i H ' i ' i i ' i i  w i t h  ' n i l r u - i v - l i e e t - o f  t i n - - a i m '  r o c k .  

> i - \  I ' l ' a !  l i — i n - . - - a i i - n i t  l > \  t i l * '  1 ' a y  m l  I  t u n n e l .  l u l l  n o n e  

n l  t l i r i n  h a v e  p r o v e d  i ' i ' i > •  i i > 1 1 1 i i  a  1 1 v  i m p o r t a n t .  1  h r  M a g p i e  v e i n .  i n t e r -

s i * i a i - i I  a b o u t  . " i "  t r r t  t ' n i t n  t h r  t i i i i n i ' l  i i u i i i t i i .  s t r i k e -  N .  • • • '  M  .  a m i  d i p -

m i  1 ;  i -  l i r t l r  t i n u ' i '  t h a n  a ' l i — u r e . i  / o n e  i n  p o r p h y r y ,  c o n t a i n i n g  

> l ) | | | i '  g ' l  M l g l ' .  

. \ l i i n i t  N u n  t r r t  t ' i ' <  t i n  t h r  n i i u i t l i  t i n '  i  i i  i i  " < • !  n i t -  t h r  m a i n  h o r e - t -

l ' a v i u l l  l i i i l r .  w h i c h  h a -  b e e n  d r i f t e d  m i  t o r  . m o  n r  f r r t .  I t  s t r i k e -

X' — 

/ '  j . "  ' [  

f o r e v  T u r % " t  

P i , .  » ; i  —  \ V r t i r n 1  s k f t t r h  « • « • * • ! i n n  t h r n n c h  t i n -  r  « • ! • - « !  I ' . i  • .  r * i  t r i i t n y  M i o t i c  l i n o  o f  m a i n  t u n n e l .  

about N. 75- W. anil dips about s5 S\V. Thr lndr -how-a maximum 
width of about a foot of quartz and low-grade orr. containing much 
sphalerite. It is usually frozen to thr southern wall, liut on thr 
northern wall shows some {roup- and rrn-hrd country rock, .lust 
within this wall is a small parallel vein of white, barren quartz. :i or 4 
inches wide, which appears to be of later age. 

A third vein is cut near the breast of thr tunnel. This i s  parallel to 
the main lode, but is small and has lieen drifted on for only a few feet. 

Thr ore in the Forest vein is low grade and is found only in small 
bunches. 

77,. hhthbttx.—The lower of the two blanket- (*' contacts ") lies almut 
85 feet above the main Forest drift. It i- about 5 feet in thickness 
and dips S. 15- E. at angles from lb to 15 degrees (tig. til). It is a 
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breccia i>t shah- mixed with yellow eluv ami iv>otuldc- -»»im- «»f tho 
blanket-of tlx- In ion-Curl innate mine. Tlx- root i- shale. w lux- tlx-
llm>r i- sandstone. Tlx- blanket i- not everywhere reduced to 
and i-lsiv for its full thickness. but tlx- softer.materials arc sometimes 
separated Iiv harder beds ot shah- or sandstone which have resisted the 
transformation undeviroiic I>y tlx- ttiori- susceptible l»eds and preserve 
tlx-ir firmness and continuity. Tlx- various nearly vertical li-sures 
encountered in the drifts anil crosscuts Mow pass upward through 
tlx- blanket and fault it. Tlx- maximum throw observed i- about l.'i 
feet, due to the Payroll vein. The result of tlx- faulting i- to cause 
tlx- blanket to descend by a series of steps toward the south. 

Ore occurs in the blanket in the immediate vicinity of tlx- vortical 
lis--.itres. but it is small in amount and of low grade. It is -onx-tinx--
accompanied by crushed white ipiart/.. and is often in the loriu ot 
impure arx-cutifcrnus lead carbonate. Some galena occurs, however. 

Tlx- upper blanket lie- from Mo to ">o feet above the lower, tlx- two 
bei11e" M-cnerallv parallel. It i- or <: feel in thickness, being WHIII--
w hat lar<ser than tlx- iower one. The tool i« shale, i-atIx-r dis|urbed 
aixl broken, while the lloor i> soiix-timo tlx- upper surface of a sheet 
of porphyry, sometimes a shaly ealeareou- sandstone. 

Tlx- blanket material is similar in general appearance to that 
described in the lower blanket, but it contains considerable amounts 
of -oft. unctuous, black material, which dries to a sooty powder. This 
substance, which, as shown by chemical analyses t p. :?*><). is largely oxide 
of uiane-aiie.se. is frequently in direct association with masses of lime
stone. the occurrence of which in the blanket is of much interest. In 
some portions of the workings tlx- limestone occupies the entire depth 
of the blanket zone, extending from the porphyry or sandstone lloor 
up to the shale roof. It is often tissured and broken, the crevices 
being tilled with the black material above referred to. In other por
tions the limestone is absent, or occurs in isolated masses of invgnlav 
shape, coated with the black substance and embedded in the soft blanket 
material. 

The limestone is finely granular in texture, light buff in color, and 
is apparently far from being pure calcium carbonate. It is minutely 
laminated parallel to the general bedding of the inclosing sediments. 
The black, sooty substance is plainly an alteration product or residue 
of this limestone. It penetrates the latter irregularly and works 
inward along the lamime from the surface most exposed to the attack 
of the solutions which have effected the transformation. It is apjiar-
cnt that the relation of this limestone to the upper Forest Payroll 
blanket is closely analogous to that of the gypsum to the Enterprise 
and Kico-Aspen blanket. 

Tlx- upper blanket is faulted by the nearly vertical northwest 
fissures in the saute manner as tlx- lower one. The fissures ure 
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- . • m r l i i m -  t i l l e d  w i t h  : i  t < l l  <  » : i v  o c H i t t c .  - i m w i n o  e v i d e n c e  i > !  I . - .  I - l i t  

m o v e m e n t .  
Ti l . -  " I - « . f  t i n *  upper  l» l : ink«  t  . - . .n - i - t -  main ly  < > t '  . i ra in i ia  in  v i t r in i i -

- i t i m -  •  > 1  : i l t i M ° : i t i i > n  t o  » - t •  1 1 •  a n d  a n I < • .  I t  o c c u r -  i n  t v l n t  i \ c l \  

- m a l l  h u d i c s  t t l o n o - i d e  t i n -  vert i c t i l  l i - u n - - .  I t  i s  n o t  k n o w n  t o  o c c u r  

i n  i I n 1  l i i i i ' - s t o n i '  n -  : i  d i n - i t  r c p l u c c i n c i i i .  
I H e  | i i < » <  1  i n - t  o f  t h e  m i n e  i -  n o |  k n o w n ,  h u t  n u n  s c a r c e l y  h a v e  

e x c e e d e d  a  f e w  t l l o l i s a i l d  d o l l a r - .  

t i l l 11l; MIM'S. 

„ ! / •  < / •  i ,  m i  i n  i i  i i  t  i i i i m  / . — 1  h i -  i —  o n  t i n *  s o u t h  s i d e  o t  , A I l \ n  C i u l c h .  

a t  a n  e l e v a t i o n  o f  a h o u t  ! I . N O O  f e e t .  I t  r u n s  i n  a  s o u t h e r l y  d i r e c t i o n  

a n d  h a -  a  l e n g t h  o f  a h o u t  f e e t .  ' I ' h e  c o u n t r y  r o c k  i s  t h e  h i i w c r  

I l e r m o - a  - e r i e -  o f  s a n d s t o n e -  a n d  - h a l e - .  c u t  h y  s e v e r a l  d i k e -  a n d  

i n t r u d e d  - h e e l -  o f  i n o n z o n i t e - p o r p h y r y .  
i  t w i n e  t o  t h e  e a s  i n  i t .  t h i -  t u n n e l  c o u l d  n o t  l i e  e n t e r e d  i n  I ' . i o " .  

h n i  ( i .  W .  " l  o w e r ,  w h o  e x a m i n e d  t h e  w o r k i n g -  i n  i s 1 . ' * .  h a -  r e c o r d e d  

t i e -  t o l l o w u i e s e c t i o n ,  m e a s u r e d  n o r t h w a r d  f r o m  t h e  h r e a - l  o l  t h e  t u n n e l  

o u t :  

• i . o  l e e i  N l a - - i v e  L ' r i t s .  S t r i k e  N " .  h ' l "  \ V .  P i p s W .  L ' l e .  
i " .  i e e i  I ' e r | > i i v r v  d i k e .  S t r i k e  N .  n i l " .  \ \  .  \ e i t i e a l .  
r e  l < : >  i .  M i n e r a l i z e d  s e d i m e n t s .  
e e  | . . . . | ,  l i a r r e n  l i s - i i r e  S t r i k e  N .  . " e  K .  V e r t i c a l .  
4 " .  i f - : .  I ' o r p h v r v .  S t r i k e  N .  * > h °  W .  \ e r t i e a l .  
: ; o  i e e i .  I  i a i  k  s h a l e .  •  > v e r  t i n s  s h a l e  i -  a  l l a i  o r e  i  -  « 1  v .  S t r i k e  N .  7 0 °  W .  I  >  i  j  >  S  \ \  .  | u ' -
s 4  i e e i .  M a - . - i v e .  d a r k .  h a r d e n e d  s h a l e .  I n  p l a c e -  t h e  s h a l e  i s  i m p r c t r n a t c d  w i t h  

e v r i t e  a n d  c l i a l c o p y r i t e .  
I ' J  l e e t .  P o i p h v r v ,  d i p p m p  s o u t h  a n d - e i e . - s i i n :  t h e  l e d . - ,  U  i e e t .  
I -  a - !  I  a  - . - d i l u e n t s  t . i  i l - i n c h  v e i n ,  s t r i k e  E . - W .  V e r t i c a l .  Z i n c  a n d  l e a d ,  
a t .  i e e i  S h a l e s ,  t o  p o r p h y r y .  S t r i k e  X .  T i e  1 . .  V e r t i c a l .  
I J  I e .  t  P o r p h y r y .  S t r i k e  N .  3 3 °  \ V .  V e r t i c a l .  
: ; o  i e e i .  S h a l e s - a n d  s a n d s t o n e s .  <  h i e  s m a l l  v e i n  o f  i p i a r t z .  S t r i k e  N .  7 3 c  \ V .  T h i -

t u r n -  i n t o  t h e  b e d d i n g  p l a n e s  n t  t h e  s t r a t a  a i i d  s h o w s  b o t h  v e r t i c a l  a n d  h o r i z o n t a l  
m o v e m e n t .  

tin toot. Narrow dike. .Strike E.-W. Vertical. 
1 - ieet Writs, to fissure. Strike X. (10° \V. Vertical. 1-inch fissure. The walls arc 

coated with quartz and pvrite. There is also some impregnation of the adjoining 
country rock. 

17 ieet. Writs and shales, to fissure. Strike N. 37° W. Pip S\V. 50°. 
1  l o o t .  P o r p h y r y  d i k e .  
17 ieet. Shales and sandstones, to mineralized fissure. Strike N. 70° E. Vertical. 

Kicht inches of clay, cubical pynte, ami quartz. 
-1 feel. Impregnated grits, to fissure. Strike N. a-".0 \V. Vertical. 
I s  I e e t .  P o r p h y r y .  
•  HI iiKit. Mineralized fissure. Strike N. Kit" W. Vertical. Brercia, containing pvrite 

and clialcopvrjte; 3 feet wide. 
hL' ieet. Sciliinentaricii. 
i s  i i - i - t  p o r p h y r y  d i k e .  S t r i k e  N .  7 R °  W .  ( T r u s s e s  s t r a t i f i c a t i o n  a t  l o w  a n g l e ,  
o  l e e t .  W r i t s ,  t o  v e i n .  S t r i k e  X " .  5 : 5 °  \ V .  V e r t i c a l .  



•  »  i 1 '  " i: ;  i• —  I T —  « > r i n i •  M I I I  N T A I V - .  (  I A I » I > .  

; i  ! • • • • :  M a — i y  1 - y r i l . -  s t i i k r  N 7i> \V V . r t i , - , !  - r r y -tai.-. I I" Z illcin- ill 
.  i  : . i  : i  n - t i  ' .  

L'l if. :. hi!|iti".'na1nl irnT<*. j*nj>hyr\. >mk«* N. 4* \V. \'t*rii*-;ii. 
!••• • r"}'!»i:yry. 

< • 1 1  i i -  \  ; i 1 1 « I  | « -  i i « - M i i v  > i r i k «  N  < » " » '  W.  « . J u : t r i z .  

^ 1  h  »  t .  M a ^ i w  f « »  t i H i i v .  S t r i k r  ! \ - \ V .  

I - ! • • • • : .  ! "  j M » ? i » h v r y .  > t r i k c X K .  
* > ' •  ! « • «  • '  l ' «  ' f p i i y  r y .  i «  •  u < » r t l t u < * M  i n  | « « r | » i i v r v .  

]  ! 7  ! • • • • !  l W | » : i y r y .  
4<»" lev >uriar«- wa>h :in«l »l« i » r i >  uf lumu-l. 

.N ,• j> oil tin- south side of AIlvil (tulell. 
ill an old ation of aliout lu.3ini teoi. fin- workings, consisting of a 
-butt ami tunnel. are alian.loiieil a- inaccessible. Considerable work 
i- reported to have Iteen expended on a '"eontaet" iving ahove tlio.-e 
de~i-rilted in the I'orest-l ' i ivroll mine. 

J.n.r.ii — lhis mine lie- on the northern spur of lbilnrc-
Mountain, at an elevation of aliout '.'.."ion feet. It was idle in l'.'uo :m,| 
\\n- not visited. It ha- never lieen product ivc. 

!',<• I'.i i f 'i ( , v |  f -Tlii- tunnel enters the northwestern 
- l o p e  of Newman Hill sit an elevation of aliout !».45n feet. Its course 
is >. ::i K.. and in the summer of p.oo it had reached a length of 
aliout I'.OOO feet. It is an extensive prospecting venture. being 
de-igned to rut the northern extension of the lodes worked in the 
Knterpri.-e ground and to explore the hlanketor blankets in connection 
with tin-in. The tunnel penetrates Lower Hermosa sediments and 
intrusive sheets and dikes of porphyry. The shales and sandstones 
have a ye n era I southerly dip. At the face massive beds of sandstone 
were found dipping to the southwest at an angle of 21c. 

Several veins have been cut having general northeasterly or north
westerly courses. But at the level of the tunnel these are small, and 
carry little save quartz and worthless pyrite. 

S<,ntf, I'mk mine.—The adit of this mine is a tunnel run into the 
northwest base of Newman Hill from the bed of Silver Creek. As 
the workings were abandoned in loon. and the water dammed back in 
the tunnel, the mine was not entered. For a distance of about 50b 
feet, in monzonite-porphyry, the tunnel follows a fissure striking a 
little south of east, which Cross and Spencer have designated the South 
Park fault. Apparently, no ore was found in connection with this 
fault fissure. About 350 feet south of it. however, a nearly parallel 
vein is said to have made a small body of good ore at its intersection 
with a bed of dark shale about 7 feet in thickness. The ore is reported 
to have l»een about 12 feet wide. The vein itself also carried ore for 
a distance of about 20 feet above and below the shale horizon. The 
strike of the beds, which are low in the Lower Hermosa formation, is 
about X. 30- W., and the dip is southwesterly at about 25°. 
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Tim ,MM-unv...v Of tl.i- blanket on- in (In- Park mine - "f 
interest <„„•,• 'n i- the large intri.-ive I "i P;"l>"><. 

t" I,- around tin- base of Newman Hill in-, -a-. llu-. and 
l- l • -..ntrv nn-k »f tl..- Sk.'p.i'-al shaft. Tl .I-

horizons. however. ,,h , ll.e Knterpri-,. I ni-m-l an-ona.,, l„n,t-
P-.vroH Mini Vow V.-ar blankets arc all above tin- -In-.'l. 

' ; V ' -Tl.i- al-o enter- Newman Hill from Mlv.-r 
ll.Ur,,,., )V(it t|)0 

CRWK. AI. o n t  t ' - . - l  w . - t  ol t l m . - . o n U i  I  a i K .  i  
tunnel I nns S. 1, K. !• THEN tun,< and I...KU -om-wliat en-ked 
course I- .1"- .-AS.. Hike the South Park. HM tunnel -;n..-rs ... mon/.o-
nite-porplivrv and . ontinm- in this rock nnt.l a pom. .s n-ac he.l a --
^.fJeaM of tnrn. where tin- has,- of tin- sin-,-. .> pa^-d lln -n.h. 
At tl.i- |.la,-,• tin' porphyry sheet. sl,ow> a w.-P-rly d,P o about I- . 
it i, underlain 1-v ,1,i m b e d d e d  s i , a l , - .  sandM -  a n d  l i m e s t o n e -

b r l o m - i i m  t o  i l n  l o w e s t '  p o r t i o n  o f  t i n -  H - w e r  I h - r m o - u .  A - - ) ' " " 1  
W .M -M ,1M -  p o r p h y r y  a n d  . I n -  m u d , - r l v i n g  s e d i m e n t -  m d  ,  a t .  -

M i n n -  n i o \ i - i n o h t  i i l  ' i n j  t h i s  p l a n , - .  A b o u t  I I "  l ' 1 ' ' '  l a r i  l n - r  < - a - l  a  l a n l l .  

w i t h  a  " t m i - r a l  n o r t l i - a . i d - s o n t h  r o n r > . - .  . - r o - . -  < i n -  d n l .  
p o r p i . v r v  o n  . I n - < - a - .  a g a i n s t  l U - r n m s a  s i - d u m - i , . -  o n  . 1 - , -  w e s t .  1  h i s  

• j i o r p i , v r v  i -  a p p a r e n t l y  t h e  s a m e  s h e , ; ,  j u - t  < l , - . r , b , - , l .  w l „ , - h  . -  b e t ,  
f a u l t e d  d o w n  o n . t i n .  , - a s , . :  T o w a r d  T h e  b r e a s t  « d  t i n -  t u n n e l  . I n -  g e n 

e r a l  s o u  t b w i - s t e r l v  d i p  a g a i n  c a r r i e s  t i n -  h a s , -  , . l  t i n -  p o i p h \ . \  u p .  a n d  
a t  t h e  h n - a s t  a  l - o ' d  " f  M a i *  s h a l e  a h o u t  1  f o o t  t k . e k  u n d e r l i e s  t h e  p o r -
phvrv. and is itself underlain by a bed o f dark limestone. ol whirl, only 
t h e  u p p e r  f o o t  o f  t h i c k n e s s  i s  e x p o s e d .  T h e  s h a h -  d t p s  . . a  l i t t l e  
w e s t  o f  s o u t h .  A  l i t t l e  s e a m  o f  t i u o r i t e  o . - . - u i -  h e t w e e n  t h e  s h a h -  a n d  

t h e  l i m e s t o n e :  .  
T h e  H i b e r n i a  w a s  o r i g i n a l l y  n i n ' t o  i n t c r s e e t  t i n -  n o r t l n - r l v  e o n t m n a -

tions of the Enterprise veins. If its initial course had lu-en maintained, 
however, it is doubtfnl whether it would ever have emerged from the 
massive sheet of porphyry. But by turning eastward it was enabled 
to come out beneiith the porphyry, which h e r e  a p p e a l s  to dip a  little 
west of south. "Whether the bed of shale beneath the porphyry will 
be found ore bearing is unknown. The position of this shale, between 
massive limestone a n d  thick overlying porphyry is ,-ertaiiily favorable 
to its being locally breeciated and tilled or replaced by ore in the 
neighborhood of vertical'fissures.. Assays of the almost undisturbed 
shale in the breast are said to yield SjKi in gold per ton. 

r- Numerous suiall veinlets are cut in the easterly crosscut of the 
Hibernia tunnel. They are of no importance and generally have a 
north westerl vcourse. ; 

Onamo tunnel.—This is a crosscut. 1.4'iU feet in length, which 
R enters the northwest slope of Newman Hill about T"»i feet east, of the 

"Skeptical shaft at an altitude of ahout y,H5u feet. Its course is uhout 

 ̂K. -I • 
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S. i':: K. Ii I»i-1«i»» tin- Knicrprise ( onipani uu.i wu-planned t<> 
connect with working from tin' I-aura shaft. I>ut wu» m-v«• icompleted. 

/*«//>.-//<; ji/itiTi' -IHII II nl'i IHIIH (uit/rf i. • I in- >!ia11 \va- >iink fast of 
tiif Knterpri-e adit at an elevation of feci. It i- reported 
that at a depth <>t so feet the Kntcrprise lilauket was encountered1, 
dipping siIIIthwest at an allele of :)o . Tile shaft was then aiiandoned. 
and an attempt was made to roach this blanket In a tunnel driven into 
the hill admit e-.o feet above the Croup tunnel. This tunnel, bow-ever, 
has revealed the blanket dipping easterly, there being apparently a 
loeal -yiu-line between thetiuuiel and the shaft. In an attempt to get 
around this depression without rutting through the shale roof of the 
blanket, and thereby lot tiny; in the surface waters, the tunnel has 
become exceedingly tortuous, and no eonneetion lias yet been made 
with tin- Isabella shaft. A little ore has been found in this portion of 
the blanket. but it is of too low grade to ship. 

MINES OF HORSE CREEK. 

rrz/.i.E mini:. -

Tiiis appropriately named property occurs on the south side of 
Horse ('reek, a little more than three-quarter- of a mile fi^oni its 
mouth. As the geological map shows, it is in the-lower part of the 
large landslide area forming the north slope of Itarling Ridge. 

The Puzzle mine was discovered about the year l*7'.i ami during the 
first few years of operation produced nearly s:-!uo,ooo. The ore was si 
partly oxidized silver ore. frequently carrying from <!oo to 1.sou ounces 
per ton and containing over 5U percent of silica. None of this ore 
could be seen at the time of visit, but it was probably argentite. 
largely chanced to native silver. C. W. Purington states in-, his 
unpublished notes that embolite. the ehlor-brontidc of'stiver, .-was also 
present. The ore was treated by barrel nmalcarnation in works situ
ated uliout 1.(HIO feet south of themouth of. Horse (riileh. These have 
since been torn down. 

After a few years the Puzzle ore body was worked out. and in I'.tuO 
the workings bail lone been abandoned and could not lie entered. 
Many attempts have been made to find a continuation of the Puzzle 
ore body, but none of these have thus far been .successful. 

The country rock of the Puzzle (and Puzzle extension) consists of 
sandstones, shales, and limestones, belonging without much doubt to 
the medial division of the. Hermosa. These are cut by one or more 
dikes of monzonite-porphvvy. 

These rock.--, however, are not in-place. They form a mass which 
has slipped for an unknown distance down the slope from the south, 
burying the former bed of Horse Creek and forcing the latter to swing 
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annual tin- obstruction and cut a new bed tn tin- north of tin- <»U1 one. 
This change in tlif course of tin- stream i» indicated in tin ni:i)> 
(PI. XL11. 

A shaft 4ii foot deep, sunk in the link- swale which separates tin' 
Puzzle knoll from the main hill slope, passed through the landslide 
material and enrountered huried stream gravels containing Itii- of 
wood, (travels were seen in Inoo at the lioftum of a winze sunk i'" 
feet lielow tlio Hess and (farren tunnel, aliout loo feet from its moutii. 
Thev consist of well-rounded pcblih— and bowlders of various rooks, 
of all sizes tip to 10 inches in diameter. Mine-led with these is much 
tine gravel and clay. This gravel rests upon a worn anil irreyular sur
face of Idaek limestone, which in one place is eut by a dike of porphyry. 

It is impossible to he certain whether tin* gravels just described are 
identical with those underlying the Puzzle ore and found in the bottom 
of the old shaft above referred to. It is highlv probable that sums-
sive landslides took )>laee. compelling tin- stream to change its course 
more than once. After such a slide the stream would be dammed, 
and would deposit silt and "ravel above the obstruction. This depo-it 
would in turn lie buried by the mas. of rock .lipping' or creeping di>\\ n 
the slope front the direction of Hurling llidgc. 

The mode ot occurrence of the Puzzle ore call at present lie onh 
imperfectly ascertained through conversation with those who tormerlv 
worked in the mine. It was an irregular replacement of the upper 
portion of a bed of dark fossilifcrinis limestone. On the north it was 
limited by the piesent stream bed. on the east by a fracture plane 
filled with gouge. and on the west was cut off by a mass of buried 
stream {travels. The ore-bearing limestone stratum is reported to 
have been greatly fractured and elevated toward the south bv a suc
cession of small step faults until finally cut off by a soft mass of 
crushed rock and {rouge. It is not known what rock directly ovcrluv 
the ore. although in some places broken rock and gouge is reported. 
Below the toot-wall limestone arc the stream gravels of the old bed of 
Horse Creek. 

The Hess and Garren tunnel, starting from the bed of Horse Creek, 
in the Puzzle Extension claim, just west of the Puzzle workings, runs 
in a direction S. 10° E. for about 325 feet. The rocks encountered 
are sandstones, shales, and limestones, all greatlv disturbed. Beddin" 
faults and cross fractures filled with soft clay gouge are numerous, 
and in many places the beds are reduced to a chaotic mass of frag
ments mingled with clay. At one point, perhaps 200 feet from the 
mouth, gravels were noted mixed with day and angular rock debris. 
At the breast is a massive bed of black limestone overlain by shales 
and sandstones, all dipping north at 15'. Above the limestone is a 
prominent bedding fault filled with crushed shale and gouge. Other 
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similar Iml -mailer fault li.--uro- occur in ilir overlying -hale- and 
sandstone.-. There can l>c n<> doubt that llic entire tunnel i- in land
slide material, derived mainly from the Middle Hermosa. 

A shaft sunk some years ago l»v .1. O. Campbell on the Puzzle 
Extension ground encountered. at a depth of tin feet, a hed of light 
ashy material ahout li' feet thick. This layer consists partly of a pale 
.-ky-blue vitreini- mineral, which wa- determined hy Mr. \V. 
Purington. through blowpipe test.-, to W allophane. a hydrous silicate 
of alumina. The origin and association of the mineral at this occur
rence could not he ascertained. Specimens show the allophane mixed 
with earthy material, the structure of the whole suggesting an altera
tion product ot some unknown breeoiated material. 

M .  A .  C .  M I N K .  

This property, lying on the hill slope, a I wait rim) feet above the 
1'nzzlc mine, embraces two tunnels, a vertical -haft and an inclined 
-hail formerly known as the 1 loo-ier (iirl. The tunnels are prospect-, 
run to li in I the original ore body from which that, of the Puzzle wa-
ilcriveil. The lower tunnel, at an elevation of '.i.iioo feet, runs S. g-
M . and i- ulmut 4oo feet in lenglh. It i- all in limestone, which 
i» -o shattered as to require timbering throughout. The limestone, 
belonging in the middle division of the Hermosa formation, is irregu
larly fractured into large blocks separated by seams of unctuous clav 
gouge. It is all landslide material and not in place.. It has slipped 
for an unknown distance down the slope of the hill, and the beds them
selves have slid over each other and have been, at the same time 
irregularly broken. 

The upper tunnel is 50 feet higher than the lower and is about "•">o 
feet in length. For 175 feet it runs S. 4- E. in thick-bedded dark 
limestone with a general northerly dip of 15-. This limestone is shat
tered into great irregular blocks separated hy gnping crevices or bv 
tissures a foot or more in width filled with yellow clav. Although the 
fragments are often confusedly jumbled, yet the original bedding is 
not entirely obliterated. 

The tunnel then turns eastward and penetrates highly disturbed 
sandstone, shale, and limestone, nnd a little intrusive porphvrv for a 
distance of nearly 3b0 feet. 

About -275 feet from its mouth the upper tunnel connects with an 
incline loading to a vertical shaft. These workings show fine-grained 
sandstones and shales above the limestone in the tunnel. A little ore, 
chiefly copper carbonates in a calcitc ganguc. occurs, mixed with clay 
and breccia between the limestone and overlying sandstone. It varies 
from a few inches to a foot in thickness, but is of small lateral extent, 
being cut off by slip planes. 
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Both tunnel- rut -everal shattered quartz vein-. :i|>|»:in-nl ly <•: no 
value. Oif in tin- upper tunnel i- "> or •! feet wide. Nu n«l wn--een 
in either tunnel which could 1M- looked upon a- being in pl:i«"«'-

The olfl Iloo-ier 'iirl inclined shaft lies about I"11 yard- southeast 
of the lower M. A. ('. runnel. It is on a large vein apparently strik
ing X. 7.*> \\\. hut ]><K'i'U exposed. The dip is to the south tor the 
tir.wt go feet at an an^le of 1'g . and then increasing • 1 he vein 
i•<insist- of barren, eitarsel v ervstnlline radial quartz. I he centers from 
which the quartz ha- crystallized are often rhombs of ealeite showing 
curiously dull and pitted .-urfaces, as if they had been attacked by -oine 
solvent before the quartz was deposited. 

. M O H A W K  M I N K .  

This is in Mohawk (iulch. on the north side of Horse Creek, at an 
elevation ot about "si feet. The vein, having a general northwest-
southeast strike. w:e- worked through a crosscut tunnel, now caved in. 
The dump show- uiouznnite-|xirphvrv and shah', with -nine pvriteand 
sphalerite. Both wall- of the vein are said to be porphyry, probably 
a dike. The material on the dump shows that the porphyry in the 
vicinity of the ti-.-ure has been altered to a skeleton of cryptocrvs-
talline quartz, eontaining line particles of pyrite. The larger feldspar 
crystals of the nionzonite-porphvrv have been removed, giving the 
siliceous alteration product a spongy texture, which reproduces to a 
certain extent riginal porphyritic structure of the rock: 

About go ton.- of ore. containing' 4o ounces of silver per Ion. is said 
to have been obtained from the mine in issti. 

Tlie geological map of Cross and Spencer (PI. XL1) shows a fault 
pa»iiig through the Mohawk mine. It is not known what influence 
this dislocation has upon the vein. 

l i U K A T  W E S T E R N  M I N E .  

This is a prospecting tunnel about 2.000 feet west of the Puzzle 
mine, und on the north side.of Horse Creek. The tunnel has a north
west course and is over 400 feet in length, the face being inaccessible 
owing to caving. It penetrates shales, limestones, and sandstones, 
probably belonging to the middle division of the Hcrmosa formation, 
with an intercalated intrusive sheet of porphyry. The general dip of 
these rocks is to the north at about 15°, and tbey are apparently in 
place, although the tunnel for 125 feet from its mouth passes through 
surface wash and slide. About 250 feet from its mouth the tunnel 
exposes a blunket about 6 inches thick, lying between shalv limestone 
below and shaly sandstone above. This layer of breeciated material 
is apparently not of great extent, and practically die.- out in a distance 
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of 'J;> feet to tin1 west «>f tin- tunnel, where the .-hilly -andstnne rests 
iip«ni the limestone with luit slight eviilenee of (iisiurlianee. 

A seeoinl and stratigrupliirullv higher lilanket ap)H-ais in the r<>of 
of thi' tunnel, aliout Hon feet from the mouth, nut I dips down inward 
the l>reast. 1 his is a -oft. dark breeeia consisting of crushed shale, 
sandstone, and limestone. lying lietween two beds of limestone. In 
places it is at least »'« feet in thickness and contains within it a sheer of 
jKii phvrv .3 feet thick, which has been altered to a soft grav elav con
taining much tine pyrite. 

I . \ i  k A H  A N N A  A N I I  M T I I K I t  M I N K S .  

West of the (treat We-tern tunnel and scattered along Horse.('reek 
are several small luiin- which were formerly worked and from some 
of which a lew tun- oi on- were taken prior to Iss7. They include 
the Lackawanna. Puzzler. Flying Fish. Roderick Dim. Cliri-tina. ltel-
zoi-a. San .Juan, and (ioldcn I'.MMI (formerly the Suunvsiilei. These 
are all abandoned and no lunger accessible. Most .if them are on 
i ein--trikine jib.iut N. .... W.. the Helzor.a and Christina beinu" sup
posed to be on (he sallle fissure. 

High up on the north side ol Darling Ridge. at an elevation of 
111. ,00 fret, is the Magnet mine, in which a little work has been done 
upon a body of magnetite. I his magnetite occurs as a replacement 
of limestone belonging to the Middle Hermosa. and has an average 
thickness of about .~> feet. The beds in which it lies strike southeast 
and northwest and dip northeast at about 45-. But the entire deposit 
is within the large Horse ('reek landslide area and is prohahlv not in 
place. That the ore is limited and cut off by faults, is shown even bv 
the present very superficial workings. 

The limestone which forms the hunting wall is ehertv. but that 
upon which the ore rests is a soft white granular limestone, penetrated 
irregularly by streaks of magnetite and malachite. 

The ore, which in its upper part is slightly oxidized, contains a 
little chalcopyrite. The liest contains about 65 per cent of iron, with 
half an ounce of silver and a tenth of an ounce of gold per ton. A 
little was being mined in I'.MMI and sold to the smelter in Durangofor 
use as a flux. Eut as the smelter allowed only $4 or $5 a ton for the 
iron and the cost of transportation amounted to $4 per ton, the 
operation could scarcely be very profitable. 

The Uncle Remus mine, situated at an elevation of 11.350 feet at 
the junction of Darling Ridge with Expectation Mountain, was for
merly worked through a shaft and tunnel. It is on an irregular vein 
in mpnzonite-porpbyry, from which a little gold ore containing tellu
rium bus been extracted. Chemical tests by Dr. H. N. Stokes show 
that a little molybdenum occurs in the ore. The workings were caved 
and abandoned in 19<>U. 

There are several pn.s^ets on the South Fork of Horse Creek, 



K \ V-I «M I . A <  K  A  W  A  N  N  A  A N D  . l i ' l l N N V  I U I .1. M I N ! > .  •  i . I .  

includinu' tlir I lan<l-( hit. upon-onu'of which ruii-iiii-nibl,- work ii:i-
IK-CII done: l»nt they were all abandoned and inaeei—ible in I 

and tin information concerning them wa- obtainable. 
On tin- West or Middle Kork considerable liiuneling-has been aeeom-

plislicd on t!i,' l'almetto irroup. Imt no ore lia- been produced. 1 here 
are various other -mall prospects, in the eieinitv. one of which—the 
Marriage Make—i- on a nearly vertical ti-surc in porphyry, striking 
nearly east and west. The fissure contains no vein quartz. hut the 
porphvrv for a width of a or •'> feet i- si 1 i<-i|i«I and impregnated with 
l'\ rite in the manner described on the Mohawk prospect. 

A O I I N N Y  l i f t . I .  M I N K .  

I'hi- mine, situated in the saddle hetween ( alien Peak and Johnny 
Hull .Mountain. wa-opened in lM!'. and in the course ot one or two 
veal- produced about Spiii.oiMi. The ore then became exhausted, and 
the mine ha- been abandoned for main veal'-. I lie ore is said to ha\ e 
occurred in a " chimney." roughly circular in plan, and lnur lb leet 
in diameter. It was mined through a vertical -halt teet in depth. 
Tiii- -hall i- now lined in. and onl\ a eralerdike pit on the surface 
mark- tiie -ite of the former ore hod\. A tunnel p.m leet in length 
wa- run in from the west side of the ridge in to eomieel with the 
-hall. The connection was effected, but the ore gave out at this point. 

The country lock of the Johnnv Hull consist-of tine-grained sand
stone- and siialv iimestmies belonging- to the 1 folores formation, cut bv 
sheet- and dike- of nionzonitc-porph vrv. A- -een in the crater-like 

; depre—ion above the old workings, the ore body was inclosed in a very 
ti.iio-grained. nearlv white sandstone, which is minutely impregnated 
with pyrite and traversed by small, irregular dikes of porphyry. 
(,'lo-e to the ore this sandstone contains abundant pyrite. is traversed 
by irregular streaks which differ front the rest of the rock in contain
ing numerous spots of kaolin, and is often strongly silieilied. The 
gangue of the ore is composed of crvptocrystalline quartz, full of 
minute vugs. which has resulted from the complete si deification of the 
fine-grained sandstone. This silicification extends irregularly into the 
inclosing country rock, particularly along bedding planes. 

lb-low the ore body a vein was encountered in the crosscut tunnel 
already mentioned. This vein strikes X. 25- \Y. and dips northeast, 
and as shown by the dislocation of beds of sandstone and a sheet of 
porphyry which it cuts, corresponds to a small normal fault. This 
fissure is less than u foot wide and contains crushed rock, gouge, and 
a little ore. The Johnny Bull ore body was apparently deposited from 
this fissure through silicification and replacement of certain beds favor
able to such metusomatic action. The localization of the deposit as a 
"chimney" appears to have been due to the existence of one. or more 
cross fracture.-. 
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Tin- iiivof tin- Jolinn v Hull consisted of enargite. pyrite. Muck oxide 
of copjicf. free gultl. and probably other minerals. It was of high 
grade.  l ioth in gold and si lver.  Chemical  te-t-  made by I )r .  I I .  N .  
Stoke.- -howeil that sonic of the ore contained tellurium and traces of 
bismuth. 

H O L D  A N C H O R  M I N K . .  

This i- entered by a tunnel about *00 feet in length, which runs 
from Hull Basin in a direction N. 65- W.. and ]Kisses under the 
Johnny Hull workings. The tunnel passe- through conglomeratic 
white sand-tone, tine-grained sandstones, and shaly limestones lieh.uig-
iiio" to the I)iih»res formation.1 These M'ds strike X. 15 K. and dip 
westerly at about -•> . They are cut by several dikes of porplivry, 
which in -nine ea-e- contain pheiiocrysts of kaoliui/ed feldspar up to 
'J inelie- iii 11• ne'111. and by one clastic dike s inches wide, tilled with 
firmly consolidated fragments of sandstone and grit. with some quartz 
p e b b l e - .  

About 45" I'eet from its mouth the runnel cut- the Anchor vein, 
striking norih and south, and dipping east at about ~b . Where 
seen, this vein i- chiefly a soft gouge. showing evident signs of recent 
tiniveuient. It shows a jiorphyrv dike or sheet on the hanging wall. 
Sniie -peeiinen- of ore from this vein show nietasoiuatie replacement 
of fine-grained lie-lit sandstone by pyrite and tetrahedrite. The proc
ess of ore deposition is closely similar to that in the Johnny Hull. 

Nearly »>no f e e t  from the mouth the tunnel intersects a fissnre 
which i- supposed to be the Johnny Hull vein. It strikes aliout N. 
5b- h. and dips southeast 50-. At the tunnel it is a mere seam of soft 
gouge. less than 5 inches wide, carrying a little pyrite and traversing 
fine-grained sandstone. This fissure was drifted on for about. 60 feet 
to the northeast, where it opened into a small "chamber" or stock of 
pyrite about lb feet in diameter. Some of this pyrite upon assay 
afforded over !»b ounces of gold, and it was stoped up for 45 feet. 
But as a whole the ore did not pay the cost of its extraction. A 
little tetrahedrite was associated with the pyrite. The ore bodv. like 
that of the Johnny Bull nearly directly above it. was formed bv local 
replacement of line-grained sandstone and shale adjacent to the fis
sure. It may well be doubted whether this fissure is the same as that 
of the Johnny Bull, as the two (as nearly as could be determined by 
the short exposures available) are divergent in dip and strike. • 

OTHER PROSPECTS IN BULL BASIN. 

The Albiou (formerly the Victoria) was formerly worked through 
two shallow shafts and produced a small quantity of pyrite and tetra
hedrite ore from a small irregular fissure. 

1 Ii ii uf micru-t to note I hut the red color so characteristic of the Oolores formation ol the Jum-
trius on surhuc ixi--nn> disappear* underground (at least In this region) anil the beds become 
nearly white. 
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Till- Caledonia 111»!'iii ' * r l y  ill.' Ui.'Ki i- suppo- e d  t o  t i c -

vein as tin- Albion. It W'II- <i|>en.'<l by a -haft ami tunnel ami i-
reported to have yielded a little "bluek eopper or.1. I lie \ein a-
seen in the shaft strike- N. 4" W. and dips northea-t at v. I Ms 
eotnposed of -olid quartz up to It' inelie- wide, carrying -plinlerite 

and pyrite. 
The Utah claim, on the north side of the lower part of the basin, is 

on :t large vein ot barren white quartz striking N. M . and dip-
pine ;>ii- to the northeast. The country roek is pebbly sandstone ot 
t h e  D o l o r e s  f o r m a t i o n .  C o n s i d e r a b l e  d r i f t i n g  h a -  b e e n  d o n e  o n  t l i i -
vcin. whieh i- sometime- over 3 teet wide. I lie .|iiartz i- fnietured 
iind ern.-hecl. and show- no mineralization beyond an occasional -peek 

of pyrite. 

MINES OF THE EASTERN SLOPE OF EXPECTATION MOUNTAIN. 

N .  \ .  i  . i W U U K V  M I N K .  

T h i -  is situated o n  >idpinir Creek at an elevat ion <'• >.-,.o |eet. I lie 
workings consist of a tunnel something over iioo feet in length, run-
nine- S. fill AV.. iind Mime -topes in a blanket. i lie tunnel follow- an 
irregular buneliv lode, in ma-sive tine-grained -and-l belonging to 
the Lower Uernm-a. and dipping S. 3o: \V. at an angle of I'O . Low-
grade ore. consisting of pyrite. galena. jmd sphalerite in a quartz 
g-anguc. occurs in the larger portion- of the lode, which often splits 
into irregular and discontinuous stringers. The general dip of the 
lode appears to be southeasterly. at a hiyh anode. 

About Suit feet from tlm mouth the tunnel out- a blanket, which is 
composed of a bed of black -hale about is inches thick, re-tine- on mas
sive sandstone. Above the shale is about 3 inches of lime-tour. then 
IS inches more shale, and then massive sandstone. Near the lode 
the lower shale is crushed and veined with quartz-. The ore occurs 
near the bottom of the bed. resting- on the sandstone. It consists 
chiefly of galena and sphalerite, and is of low grade. From loo to guf) 
tons have been extracted, but the mine is now idle. 

The main lode appears to pass upward through the blanket, although 
its identity is obscured within the mineralized shale-. 

T O M A L K  M I N K .  

The abandoned workings of this mine are also on Sulphur Creek, 
about 50 feet higher than the Is. A. Cowdrey. The adit tunnel follows 
an ore-bearing stringer striking S. 55c W., and dipping northwest at 
an angle of about 75°. The stringer is usually about an inch wide, and 
carries galena, sphalerite, chalcopyrite. and pyrite. with very little 
quartz. The country rock is tine-grained massive sandstone of the 
Lower Hermosa. which is traversed by several other stringers gener
ally parallel to the one followed. 
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About i>" iiM-i iiimt tin- mouth i>I tin- tunnel tin- »t ringer i« nit off 
l»\ a fault which ~ii-iki*- N. \Y. ami dip- *»«» XK. Thi- ii--ure 
carries white quartz ami -nine pyrite. the whole being -ouicwhat 
crushed. and aronii|ianird by gouge. 

A crosscut i'f I s li-i't tn tin* northwest aloiig thi- fault -hows that 
thv country ruck i- traversed by many small vein.-, generally parallel 
to the one followed in tin- tunnel. Some of these carry ore. Others, 
like the fissure faulting them, contain only quartz and pyrite. At the 
end of the ero-seut. a stringer a I tout 3 inelies wide, of solid galena, 
sphalerite, and ehaleopyrite. was encountered in the southwest side of 
the crosscut, cut oil sharply toward the northeast l>v the fault. This 
stringer wa- then drifted on a-"'the tuaiu vein, hut it is liv no means 
certain that it i.« the same as the ore originally followed northeast of 
the fault. This lead wa« drifted on for loo feet, hut it maintained its 
character a- a small, tiglit-braiuhing stringer, and the prospect was 
finally ahamluiied. 

U t i a i N A t T  M I N K .  

This mine i- also mi >iilphur Creek and is entered through two tun
nels a few vards upstream from the Tomale adit. These tunnels are 
separated hv a vertical distance of aUiut ail feel, hotli entering in the 
same sheet of porphyry. In the hover level a crosscut of 1J."> feet 
gives access to the lode, which strikes X. 40- K. and dips northwest at 
an angle of no . Ahout lao feet of drifting 011 the vein was aeeessihle 
on this level at the rime of visit. The lode varies in width up to a 
maximum of I foot. It frequently splits up intoa stringer lead which " 
is too lean to work. The ore consists of galena, sphalerite, ehaleopyrite. 
and pyrite. in a ganguc of uiiusuully spongy quartz, full of minute 
vugs. There is usually a gouge on lioth foot and hanging walls. 

The vein has lioen stuped through to the upper tunnel, which enters 
in porphyry, lint finally cuts through the upper surface of the sheet 
into overlying shales and rim-grained massive sandstones and lime
stone belonging to the Lower Hertnosa. These lieds dip S. l;V E..at 
an angle of 40°. The unusual steepness of this dip is prolmbly due to 
local irregularity consequent upon the intrusion of the porphyry. 

The lode in this level preserves the general character already noted. 
The ore, however, is sometimes nearly free from quartz, and the ex- . 
istcnee of sheeting and minor veining of the country rock alongside 
the main fissure is better shown. 

It is reported that the ore did not extend up into the shale which 
immediately overlies the sheet of porphyry. At the time of visit the 
top of the old stopes was not accessible; but G. W. Tower records in 
his notes that the overlying shales are brecciated and the limestone 
siliciried. but that no ore was deposited. 

Xo work has been done on this property for years. 
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H A N l ' l t O K T  . M I N K .  

This lie- a hunt l.nnu feet north of the Argonaut, and. like most of 
the ])i'o|>i-ri ic- in the vicinity. is at present little more than an abandoned 
prospect. It was proposed in ]!Mio. however, to reopen it tor zinc ore. 
It ha- been opened hv a tunnel and shaft. The tunnel follows a vein 
striking N. 1 I .. and dipping northwest at 7a . I he country rock 
is Lower llenno-a -ainlstone. dipping south at an angle of lf> . A 
second paralli-I vein lies about veet to the northwest. Resting 
directlv upon tin -andstonc is a layer of soft shale hreeeia and yellow 
elav from -  to feet thick, overlain hv shale. The northwest vein is 
apparcntlv cut otf shiirply at the base of this hreeeia. The other 
vein, the one followed hv the main tunnel, loses its vein character 
upon rem-iiing tiie hreeeia. and the latter show- a little ore. while the 
UIKIITI v mg -amistone i- also slightly uiineraiized. It is rejmrted that 
some ore'«a- -loped from this blanket, extending to a distance of So 
feet f II >111 the I1--11 re. 

Mo-t of the 1 >1< 1 workings are no longer tieee-sihie. and although 
some highly sjiiialeritic ore was seen on the dump, it was not seen in 
place except in -mall amounts in the northwest vein. The same sheet 
of porphvrv rut in the Argonaut workings was apparently encountered 
in the lianrroft .-haft and in the abandoned St. Louis shaft, a little 
highlit* up the hill. 

sii.vr.u SWAN MINK. 

Tlir adit of thi- mine i- a tunnel some Ooo feet in length, entering 
the mountain about M11.1 feet south of Sulphur (.'reek, and near the 
level of the 1 )ohires liiver. This tunnel runs S. so K. in Lower 
Ilerniosa sand-tones, shales, and limestone.-. It cuts several small 
vein.- of no economic ituportunee as far as known. Near the breast of 
the tunnel a raise of t>o feet connects with a short upper level. Here 
a small and irregular vein followed in the lower level becomes much 
larger, striking N. S0; E. and dipping north at 7o:. At the west 
breast of this upper drift the vein shows a foot of ore next the hanging 
wall, consisting of galena, sphalerite, chalcopyrite. and pvrite. with 
ahout e feet of sheeted sandstone and ore-hearing stringers on the 
foot wall. v 

Another rise of It' feet gives access to a higher level, which at its 
western end cuts a well-marked blanket. This consists in its lower 
part of about h inches of soft gray clay or gouge, above which is an 
unknown thickness of black shale which has been shattered and crushed 
to a tough clayey mass. The whole ''contact.'' which undoubted!}* 
represents a pronounced bedding fault, rests upon sandstone dipping 
10c or 12- to the southwest. 

The main lode is said to spread out to a width of -JV feet and to carry 
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galena ore immediately below tin- gray JLT« T i n '  w i n s  a r t *  o o r t a i i i l v  
cut "H squarely at this horizon. Imt tin- development is not yet sutli-
cient to determine tin' precise mode of occurrence ami extent of the 
ore bodies. 

The ore so far found is of low grade. with its value chiefly in silver. 
It ha> not yet been produced on a commercial scale. 

I . I T T I . K  M A I . a  I  I K .  O K O r i ' .  

This i> a c roup of prospects on the west bank of the Dolores River, 
about isoo feet north of Sulphur Creek, and includes the Little Maggie. 
Birchurd. and llardscrabble claims. The several tunnels and drifts in 
Lower Hermosa beds expose a blanket closely resembling that of 
Newman Hill. It rests upon a lied of limestone and is ovurlain by 
dark shale. It consists chiefly of a shale breccia and contains a few 
small bunches of ore. The limestone and shales beneath this blanket 
are traversed by numerous small stringers of white quartz, but no 
work has bi-en done to determine whether these indieale the presence 
of a vein or veins beneath. \ arious incipient or local blanket breccias 
were noted in tin- dark shales at different stnitigraphie horizons. 

utoNri.AH .MINI: .  

This lies about feet north of the Little Maggie group. in Lower 
Hermosa beds, striking northwest and dipping southeast at la . The 
tunnels of this mine were caved in at the time of visit. The main 
vein is reported by (i. \\ . Tower to have a course of N. a a K. This 
vein is said to have yielded about Son tons of ore. containing So ounces 
of silver per ton and per cent of copper, from a pocket encountered 
at its intersection with a fissure run nine N. So W. 

W H I M  M I N K .  

This property, no longer accessible, was opened by four tunnels 
about 2<»o feet north of the Ironclad. Tower states that a vein strik
ing N. 50c W. is slightly faulted by a vein trending N. 20c E.. and 
that both carry galena in a gangue of quartz and caleite. 

KITTLE LEONARD MINE. 

This prospect is situated between Iron Draw and Sulphur Creek, at 
an altitude of about 9,800 feet. There are several tunnels, of which 
the lowest only was accessible at the time of visit. This is about 300 
feet in length and cuts a number of northwest-southeast fissures in 
monzonite. These are unusually numerous and have rather flat south
westerly dips ranging from 10° to 40"-. They frequently contain 
nothing but gouge; although there is sometimes a little crushed quartz 
present. No ore was seen. 
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M l l N T K / I ' M A  M I N K .  

Thi- is opened bv two tunnel- about 1"'" Trot above tin- settlement 
known as Piedmont. which lie- in »ft h, <«J ami just arms* tin- fixer tioin 

Rico. 
Tin' lower umiii'l i- aIHait feet in length and has a curse 

of N. '•'< W. for about halt' tin- distance and thru funis To \V. 
It follow- a tiirht and irregular vfi-n which dips southwest about 
To . Fur a distance of nearly 2.M' feet from the mouth of the tunnel 
the eountrv ruck is ipiartzite. referred doubtfully to the Devonian, 
lievond thi-appear limestone, samlstone. and shales, belonging to the 
Lower IIerinosa. and dipping S. |o \\ . at an angle of IX . Associ
ated with these beds is some intrusive porphyry, apparently a sheet 
connected with the large eruptive ma— which extends up the spur 
bet ween Aztec (i n l<-li and Iron Draw. 

At tin- point where the tunnel emerge- I loin the Devonian ipiartziie 
it ciil- a verv irregular blanket, consisting "t crushed and pulverized 
rock, gouge. and ore. This material test- partly on the ipiarizile ami 
part I v upon inonzoiiite-porphvry. It is overlain by shales and -and 
stone. It is appureiitlv a bedding lault alonga bedol limestone, which 
has iieen broken up and partly replaced by ore. 'I he latter consist, 
eliielh of pvrife and chalcopyrilc in a gunguc of quartz anil chlorite. 
A little catena has also been found. 

This blanket ore is directly connected with the main vein, which con-, 
tinm- up through the overlying sediments, and which, as far a- could 
be determined, is not a plane of perceptible faulting. The porphyry 
and ipiartzite that underlie the breccia arc impregnated with pyrile. 
l'art of tin- i|uartzite shows in addition intense metamorphism of a 
kind not usually associated with ordinary ore deposition. In it- initial 
stage- this alteration consists of the development of green hornblende 
in the interstices of the ipiartzite. Hut where the process has 1 
complete the ipiartzite is replaced by a coarsely crystalline aggregate 
of pale-green hornblende, pyroxene, and cpidote. In otherplaees the 
metamorphosed rock consists of coarsely crystalline pyrite. chlorite, 
quartz, and dolomite. This metamorphism is evidently of the same 

•origin as that so noticeable in the Atlantic Cable. Shamrock, and Smug
gler claims, and generally prevalent in the Devonian rocks just north 
of Rico. 

The upper tunnel follows a small vein lying a little north of and gen
erally parallel to that followed in the lower tunnel about 25 feet below. 
On the north side of this tunnel a Hat deposit of iron pvritc. in a 
matrix consisting chiefly of chlorite and ranging in thickness from 
1 to 2 feet, extends to an unknown distance from the vein. It dips 
southward at a small angle. It is a replacement along a bedding plane 
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in tlx- i(ii:iri z i le. which ~li«»\\ ~ a MMIH-U II:II ~IIIIII; tI altera!ii>11 (•> fiiat 

st I reside ilt-M-rilwil. 
Tl..' Smelter fault. as descrilied by (Tns« ami Sjiencer. must pass 

through or very near the upper tunnel tin1 Montezuma. lint tin* 
working- themselves tail ti> reveal it> presence. 

I . W . I A I F . T  M I N K .  

Thi> prospect is lit' interest through being oust vertical fissure, which 
is jifnlialily a brsmch of tlie Last Chance fault.' It is opened liy a 
tunnel a"" feet in length. whieh enters about l.ooo feet south of 
Aztec (i-iileli and aliout IIMI feet almve the Dolores Hirer. Therein 
is 4 or feet in width, lint without regular walls. It is tilled with 
quartz. usually nuieh crushed. containing liunelies of pyrite. 

I'iie country roeli near the mouth of the tunnel is tinc-giuincd sund-
sii>ne. ehaiiyiue-near tlie lireast to shale and intrusive porphyry. It 
is all more or less impregnated with pyrite and ehaleopyrite. and the 
porphvrv in partieular is traversed liy numerous minute stringers of 
quartz ami pvriie ami deeotnposed to a »ott gray mass. Stringers 
containing quartz and pyrite ami striking' northwest and southeast are 
ver\ numerous. 

A Z T K I '  M I N K .  

This mine, one of the first to lie opened in the district, is situated 
in Aztee (inleli at an eleviition of ahout I'.tiuo feet, it has been worked 
rerv irregularly for rarious short periods since 1*7!' and has made 
some small shipments of ore. About 24 tons were produced in lS'.ta. 
which carried from Sg to £3 in gold and IT ounces of silver per ton 
and J I per cent of lead. 

The developments are confined to some tunnels and small stopes on 
the Aztec lode. This strikes about N. 7«» \V. and dips north tit from 
So- to Sa The country rock consists of shales, sandstones, and shaly 
limestones of the Lower Hermosa formation. 

As exposed in the upper tunnel, the vein consists of white banded 
quartz. feet in width, the banding being due to thin films of partly 
silieitied gouge or shale inclosed in the quartz. This quartz is practi
cally barren, containing only a little pyrite. On the footwail is a 
breccia of shale and shnly limestone aliout 2 feet wide, whieh passes 
without definite wall or gouge into the undisturbed shales and lime
stones forming the country rock (fig. 02). lioth breccia and countrv 
rock are mineralized, chiefly with pyrite. to a distance of at least 5 feet 
from the vein. Much of this mineralization is a metusoniatic replace
ment of calcareous shale bands similar to that described (fig. 60, p. 345) 
in the Union-Carbonate mine. 

Bpenwr. !»*• ,-it . p. j jt> 
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O n  t l i r  h a n g i n g  w a l l  o l  t i n '  v e i n  i »  a  s o m e w h a t  - i m i i a i  b r e c c i a .  t i n '  
width III which i- not certainly known: but it i-at ii-a-t • • ted. I hi< 
hri'ccia consist- rliii'th of slialr fragments. orti-n cemented h\ white 

ijiiai'tx. ami sometimes hy ore. 
Thf geological work of Cross ami Spencer iia» shown that tin- Nellie 

1 > 1 mult. which |»a~si-» IIVIT tin' point of Nigger Ha by Hill. probabL 
extend- through Aztec Gulch. The character of tin* Aztec vein cer-

Ki'-. li'J —<*n»!»sMTlmn «>I Uic A/.Irr 

tatntv i n d i c a t e s  that considerable differential movement has taken place 
along tiii-  ti~i-ii r<-. Tin' development of the mine. Imweier. is not suf-
tieientlv extensive to determine the throw of tin' fault at this point. 

The Columbia elaiin. also an early location. i- on t''e same vein as 
the Aztec, and i- situated a few hundred feet lower down the gulch, 
it has not I worked for vears. 

SAMBO MINK. 

T h i s  mine l i e s  on the northeast slope of Kxpectation Mountain, 
between Ilot se (.'reek and Aztec Gulch. Toe principal adit is a tunnel 
entering the hill at an altitude of nbout '.brioo feet. The main work
ings are shown in the sketch plan of fig. <>3. They are in shales and 
sandstones belonging to the Lower Hermosa. 

Several veins are cut by the tunnel, as shown in tig. t;:;. but thev 
have not proved of any importance. The main Sambo vein is usually 
from 3 to 4 feet wide, composed of solid mottled i|uartz carrying'a 
little pvrite. The mottling is due to numerous silicitied fragments of 
shale included in the vein. The vein strikes N. To W. and dips north
ward at about rt;V. It occupies a fault of at least 4 or feet throw. 
But whether normal or not. could not be determined. This vein is 
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nected with a blanket of quartz and ore inclosed in shales, while a 
Vein 

FIG. 64.—Crom section of the Sambo vein and blanket ore-body, on the line A-A of fijr. 63. 

smaller portion of the vein continues upward across the hods (fig. 64). 
The blanket deposit occupies a bedding fault between black shales 
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below and -ray calcareous shales above. The n-ultm- >hah' ''.vccia 
is in place* completely replaced by a mas- of quart/ and ore. which 
extends ti> a distance <>f about Ho feet to tin- smttli ol the drill. 
Beyond this the silicitication dies, out and the beddin- fault is not 
mineralized. ( hem- to the inclusion of numerous shadow \ fragments 
of silieified siiale. the quartz has a decided mottled appearance. 

The hi-st ore consists of —alena and tetrahedrite. latf sphalerite is 
very abundant in some portions, to-other with py rite and ehaleopvrite. 
The stop— in the blanket indicate that considerable ore has boon 
extracted, but the mine was idle at the time of visit. 

The ore-hearine bedding fault has not been found on the north side 
of the vein. nor. apparently, has any search been made for it. I he 
beddin- fault is probably older than the vein, and was itself dislocated 
bv the latter. It is verv probable that the bodies of ore will some time 
be found on the north side of the fissure vein at a different level from 
tlu>-e already extracted. 

Z t  U  I ' l l  I K K  M I N K .  

This i- an abandoned prospect, situated near the head of Iron Draw 
at an all itude of about in. iiMi feet, ll wa- ^ 
opened thiou-h two tunnels, of which the "" V ' 
lower i- shown in plan in tig. I in. The 
workine- are in shales, sandstones, and 
limestone- of t tie Lower Herniosa for
mation. cut tiv at least one large dike ot 
porph yry. 

No ore wa- seen, and the chief interest 
in the mine is the occurrence of two strong 
fissure.-, cut by the tunnel, one of which 
probablv corresponds to the Aztec lode 
fissure and the Nellie Blv fault. The first 
of these fractures is encountered about 
20b feet from the mouth of the tunnel. 
It is a stron- breccia zone ubout lb feet 
wide, filled with fragments of shale and 
wet clay, with some quartz near the hung-
ing wall. The dip of the fissure is south
erly and its strike apparently nearly east 
and west, but neither could he accurately 
measured. The hanging wall shows shales 
and sandstones, while the very irregular 
footwall is limestone, which is shattered 
and irregularly veined with quartz for a 
distance of 50 feet from the fissure. 
•, A second fissure, about 4 feet wide, was cut near the breast of the 
tunnel. The middle of the fissure is occupied hv a vein of barren, 
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Kiu.fi.v -Skcirli plan o( lower tunnel 
nl Hie Zulu Chief mine. 
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banded i|»«riz. feel wide. This i* »eparated from tfit* li;in*rin«f 
) >v  i nc he -  «11  and  broken  s ha l e .  and  f rom t in*  l ou t  wa l l  l »v  IN 
inches ofsiiniiurmalerial with some soft oxide of manganese. This lode 
thus resemble*. in general character, the Aztec. It strike* cast and 
west and dip* t'.u to the south. The country rock near the hreast of 
the tunnel consist* of calcareous slmlcs dipping X. la K. at :to . 

Beside* the fissures described. several smaller ones, with general 
east and wot trend, are intersected l»y the tunnel. 

( AI.IKOKMA MINK. 

This prospect lie* near the head of Iron Draw, at an elevation of 
ahout ln.:'.oo feet. There are two tunnels in limestones, sandstones, 
and calcareous shales. belonging probably to the middle division of the 
Herniosa formation. These are cut by dikes of mou/nuitc-porphvrv. 
The tunnels intersect several stroii"- tissures. striking from N. To \V. 
to S. W. .M ost ol these tissures contain e'otiec. with some tjiinrtz. 
and occasional bunches ot galena ore. none of which have been rich 
enough to ship. In the upper tunnel'are some blankets of pvritc. 0 
to s inches thick, eouuected with one-of tile veins and replacing some 
disturbed beds of calcareous shale. A little native copper was noted 
in cracks in the sandstone in the lower tunnel. (hie or more of the 
fissures found in this prospect probably correspond to the Aztec lode. 

MINES CONNECTED WITH THE BLACKHAWK FAULT. 

UI.ACKHAWK MINK. 

Sitwil'i'ii. —Tiie Blackhawk and Maggie mines, which have been 
worked in conjunction, lie on the northern side of the steep spur which 
separates Allyn Gulch from Silver ('reek, in a shallow ravine marking 
the line of the great Blackhawk fault. This fault, as outlined hv 
Cross and Spencer, can be traced from the saddle of Telescope 
Mountain, in which are the Uncle Xed and World's Fair mines, down 
to the Argentine shaft in Silver Creek, and thence up the Blackhawk 
ravine. Near the lowest level of the Blackhawk. at an elevation of 
about b.Suo feet, the fault fissure appears to split into two or more 
branches, and from here on. until it passes over the western shoulder 
of Blackhawk Peak, it is a zone of faulting rather than a single 
fracture. The Blackhawk mine lies on the northeastern edge of this 
fault zone. 

Ilistfjry and development.—The mine has been worked through a 
series of tuniiels ranging in altitude from I),750 feet to about 10.600 
feet. The highest opening is the Little Maggie shaft, an incline on 
the vein at 10.700 feet. As shown by the section (fig. 60), the vertical 
distances lietween these levels are not uniform. 
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The mine was ti.*. worked hi 1-,. and a„rin^.b.-
limrll IllLri,,,nui,. oMftiz^'i "V ;;;; 'V- aistslll„. SLI...,«I.,-
Ma""ie vein. ahove the ,\1 h m i- 11,1 ' , . 
U-veLup to the surface, '^vri.i has Ihmm.^1..' 

LI,'1,,U SI or sulphide «e>c ^.-ov. 

menu, in bed.- »f limestone dipping away from 

FIG. 66 — P l a n  a n d  lonsitiHlinal suction o f  the Bluekhuwk n n n e .  

northeast, and were worked until about lSSW, when the mine, for the 
time being, was abandoned. . , 

Although most of the workings were accessible in l'.tou. yet the lack 
of clean exposures, and of some one at band familiar with the mine, 
rendered the study of the ore bodies difficult and unsatisfactory. 

Occurrence of the ore.— From the surface nearly down to the M 
level, a vertical distance of nbout 500 feet, the ore occurred in a simple, 
fissure vein, striking about N. 70<- W. and dipping northward at about 
60°. This ore, which has all been stoped out. was a soft, black, earthy 
material, containing much oxiile <>f manganese, luigch tlciivu tioin 

22 GEOL, PT 2—<>1 -1 



.",70 OKK DKI'OSITS «>K Kll'n Mi >!' NT A INS. O U.i if: A !»• >. 

rlnidnehrie-itc. Toward tin- -oiitlicn-t. ll»i- ill'1 bnilv vva- limited by 
tin- riintrai'tiini <>(' tin' li—iuv in :i -mull gouge -1 -:i 111. Inward iln-
northwest the identity of tin- I.irrlr Maggie vein i- lost ;tl it- junction 
with 1 In- Blarkhavvk fissure zone. Tin- country rock eonsisi- of sand
stone-. shall--, ami thin limestone- lic|onging I" tin- upper division «»l" 
tin- lli-rmusa. anil dipping northeastward al al»i>ut . These beds 
an- imi jiercepribly faulted by tin- Little Maggie fissure. 

Tin- relation of tin- Little Maggie win to tin- Blaekhawk fault is not 
perfectly i-h-ar. Tin- general I-IMII-M- of tin- latter is ahout N. 4" M .. 
while tin- average course of the Litth- Maggie is X. To W. The Bluck-
liawk fault is nearly vertical.' while the Little Maggie vein has a north-
easlerl* dip of a 110111 i!o . Asa ronseipieni-e of these i-ouilit ion- ami 
of relationsof tile lissnres to the to|M>grupllV. tlte outelop of the Little 
Maggie vein is practically parallel with the outerop of tin- fault. 
A I'oiit I ."HI leet southwest ot tin- Little Maggie vein on the surfai-e is 
a large-olid vein of harren white quartz. in place- fully l."> feet wiile. 

I lie apparent strike of thi-vein i- X. 40 W.. corresponding to that of 
the Blaekhawk fault, ami it dips northeast ward, -cciiiingi v at an angle 
ol'ali-iiil ii."i . Between till-vein and tIn-cropping-of the Little Mac-
e ie i- a miieh-dislurlied and ti-sun-d .-trip of country rock traversed by 
mam vein-. This strip oeeupie- the liottoni of the little ravine which 
ha- lici-n partly tilled up by tIn-dump-of the Iflackliawk mine. Tin-
iarge southwestern vein has In-en onlv verv superficially prospected, 
although it has apparently In-en i-ut in the Blacksmith level. It could 
not In- determined whether it represent-the main fissure of t-he Black-
hawk fault, which is stated bv fro— and Spencer to have a throw of 
front 1 iuu to jti'ii feet in thi- vicinity, or whether this great dislocation 
has taken place along some fissure lying just southwest of the vein, 
and not prominently shown on the surface. The workings of the 
Blaekhawk mine throw very little light ujion the fault, inasmuch as 
they ap(>ear to lie entirely on its northeast side. Some years ago a 
tunnel 4'MI or 5u0 feet in length, known as the Wildcat, was run 
through Lower Hermosa lieds in a direction N. 70: E., front the north
east side of Allvn Gulch, with the intention of eros.scutting the country 
to the. Little Maggie vein. The project. however, was abandoned, and 
the tunnel wits not accessible in ISMMI. Mad it been completed it must 
have crossed the Blaekhawk fault. The lowest tunnel of the Black-
hawk enters in monzonite-porphvry on the southwest side of the 
Blaekhawk vein, with a course of S. 73 E. It.s position and course 
indicate that it might afford much information in regard to the fault, 
but the presence of gas prevented its entry in 11)00. 

It seems probable that the Little Maggie vein joins or is cut off on 
the northwest by the more nearly northwest fissures of the Blaek
hawk fault zone, and that the principal veins .drifted on in the M and 

iCrou&nri Sficncvr. i,*-. j, j 17. 



. , v  —  . v i  '  l l l . A C K  I I  A  \ V  K  M I N K .  •  

l<  iW.rr  l eve l -  be long  t o  t l i i -  / one .  Neve l l  i i eh  —.  l i e  1 - , t l  
shou ld  i . e  f i l l  ' . o i i i ou l i e i v  i n  I  l i e  h u r l  h ea - l e fh  . - r . . —fl i t -  l i e  M  ami  
B lac k sm i t h  l eve l - .  Severa l  ve in -  a re  in t er - ee l . - i l  l . \  l i . e - e  e lo - eu l s .  
h i l t  none  1 .1  t l i e iu  s l i « . *v  the  e l i arae ter i - l  i e -  o f  t i n -  L i t t l e  Maggm a -

k l io w n  above  I  he  M  l eve l .  
Beh .W the  M l eve l  the  ma in  B laekhawk Ve in  I . : . -  a  e ou i ' s c  . . I  aoout  

N .  r . ; .  \ Y .  ami  cons i s t -  o f  barren  quar tz  i i |>  l "  f ee l  in  wn l th .  I  he  
han g in g  wa l l  i -  u sua l l y  r egu lar  and  s epara ted  f rom "h e  v e i n  by  u  s l i gn t  
gouge .  On  I I I .  Bla eks in i l l i  l ev e l ,  two  p ar a l l e l  ve in -  ahout  4 i>  t e e t  
apar t  have  been  d r i f t e d  u p on ,  hu t  ap p ar e n t ly  e on ta in e . l  l i t t l e  o r  no  ore .  
a l though  In  I n -  o f  pyr i t e  are  no t  unr imin io i i .  

lVa i - t  i ea l l v  a l l  th -  ore  f rom the  l ower  p a r i  o f  I  i n -  m in e  was  der ived  
f rom lar i . r e  r ep l a cement  hod ie s  in  a  he d  o f  mass ive  l i me s t one  near  th e  
t op  o f  the  mi . Id l e  d iv i s i on  o f  th e  I l e rn io sa .  T l i i -  l . ed .  wh ieh  i - c s t i -
n ia l ed  to  l i e  nea r lv  f ee t  in  th i cknes s .  . l i p s  auuy  f rom th e  ve i n  l o  the  
nor thea - l . a l  mi  m i - l i ' o f  i T .  o r  I t  ou te r op-  jn - l  en - !  o f  l i t .  B i ink -
hon . - e  l eve l ,  e xpos in g  a  l arge  hody  o f  o re  wh ieh  ha -  ex t ens ive ly  
s t uped .  A l  t l i i -  l eve l  t i l e  in t er see t i on  o f  l i i e  o re  l i o . l v  w i th  the  B laek
hawk  \  . - i l l  ha -  i . i  en  removed  by  eros ion .  The  nr lnn l  in l e l - ee t i on  o f  
the  ore -hear ing '  l imes tone  w i th  the  ve in  oce l l i -  j l i - t  ahove  the  M l eve l ,  
where  the  L i t t l e  M a g g i e  ox id i zed  o re  s topped  and  the  l arg e  bod i e s  o f  

su lp h id e  rep laee i i i en t  ore  began .  
The - . -  h od ie s  o f  ore  e x te n d  i r r e gu lar ly  i n t . .  t in -  l i m e s t o n e  t o  a  max i 

mum d i s tanee  o f  ; . o  o r  t in  f e e t  f rom the  ve in . '  T l n -y  d i p  to  the  nor th 
e a s t ,  conforming  to  the  d ip  o f  the  l i me s tone ,  and  f requent ly  a t ta in  a  
t h i ckne—  , , f  mor e  than  l a  f ee t .  They  a re  eo i iq .o s e . l  in  grea t  pa r t  o f  
mass ive  pyr i t e .  o f  in .  pre sen t  va lue ,  in  wh ich  l i e  i r regu lar  hod ie s  o f  
wor kab le  ore .  The  hos t  ore  c ons i s t -  o f  f ine -gra ined  . ga l ena .  e lmleopy-
r i te .  sp h a l e r i t e ,  and  pyr i t e  in  a  gangue  o f  l i l ac  and  green  t luo r i t c .  
Such  ore  i s  o f t en  beaut i fu l l y  h an d e d ,  th e  cha l eopyr i t e  an i l  t luor i t c  
be in g  d i sposed  in  t h i n  concentr i c  she l l -  about  cen ter s  i r r e gu lar ly  
groupe d  in  the  tna - s  o t  ore  a s  a  who le .  Ore  o l  th i s  charac ter ,  l i c ing  
in  l a rg e  s o l id  masse s ,  w i th  re la t i ve ly  l i t t l e  gangue .  c l e ar e d  about£10  

per  t o n .  
Such  ore  pa—c-  on  i t s  j t c r iphe r y  in to  l ower -grade  ore .  o f  wh ich  

l arge  qua nt i t i e s  a re  s t i l l  i n  the  mine .  I  h i . -  eon . - i . - t -  o f  mass ive . ,  com
pa c t  sp h a ler i t e  and  ga l ena  w i th  a  l i t t l e  chu leopyr i t c .  and  prac t i ca l l y  
no  gangue .  I t  con ta ins  a l i ou t  3d  per  c e n t  o f  z inc ,  go  per  cen t  o f  l ead ,  
and  up  to  p er  r e n t  o f  c opper .  Th i s  o re  in  tu r n  somet imes  grad es  
in to  enormous  m as s e s  o f  near ly  p u r e  pyr i t e .  o r  i -  d i rec t l y  inc lo sed  in  
l imes tone .  

Near the Blaekhawk vein the replacement ore  ho d ie s  have a some
what steeper dip and appear to turn up into the fissure. The ore. 

Lhowever. is not continuous with the material of the vein, the two being 
~z»ually separated bv a thin skin of gouge. 

• * S i -  •  
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Tin*  upj«*r  p o r t io n ? *  o i  t in*  l arge  pyr i l i c  box l i c* .  a rc  xu i i c l i iu r -  t i x i -
d i zed .  and  cons iderab le  c av i l  i c* .  a n*  formed  by  t in*  r*<> lu t ion  and  remova l  
o f  the  i ro n .  So ln l i on  hu>  a l><>  I  i con  ac t i ve  l>e lo w  the  ore  I tod i c .  a s  
s hown  in  the  M  l ev e l .  where  the  ore  near  t in*  ve in  i -  under la in  l i v  a  
ea ver i i o i i s  i l i a -**  o t '  r i i s t \  quar tz .  shown  in  1 * 1 .  X 'XYl l l .  . 1 .  Th i s  
app e a l ' s  t o  l n u  e  been  t ' orme i !  I i y  the  rem ova l  o f  so me  so lub le  ma ter ia l ,  
such  a s  l imes tone  or  pyr in* ,  f rom a  ne twork  o f  ip tar t / .  \  e in l e t s .  and  the  
subsequent  depos i t i on  o f  f r e sh  s i l i ca  on  the  r e s u l t ing  s ke l e ton .  

As  a  ru l e  there  i s  no  sha rp  wa l l  be tween  l imes tone  and  ore .  The  
la t t er  somet imes  pene tra te s  the  wh i t e  g ra n u la r  l imes tone  in  sma l l  
i r regu lar  s t r i ng er*  and  bunches ,  bu t  more  o f t en  th e  l imes ton e  nex t  the  
o re  i s  changed  to  ja spe ro id .  *"  

T he  l imes tone ,  and  somet imes  i t s  inc lu ded  ore  bod ie s ,  a re  c u t  bv  
num e r ou s  f i s sures ,  s ou  which  are  sma l l  f au l t s .  In  many  ca se s  
these  are  ine l ' e  eo l l e ' e  s en i l i s ,  obv ious ly  ind i ca t ing  m ovem ent  s ince  the  
o re  was  d e |M >s i t ed .  In  o ther  c ase s  they  co n t a in  quar tz  and  pyr i t e .  and  
W I * I * I *  pro ba b ly  for me d  a t  subs tant ia l l y  the  same  t i m e  i s  th e  ma i n  o l e  
b od ie s .  As  a  ru l e  they  have  a  ye t i e ra l  nor th  w e s t e r l y  cour -e ;  but  in  
the  l a  roe  s l ope  e as t  o f  the  en trance  t o  the  Bunkho i i s c  l ex  e l  a  nor t he as t  
t i s s i i r e .  carry ing  a bo ut  th r  qu ar te r s  o f  an  inc h  o f  handed  (p i ar t* / .  and  
ore. distinetlv c u t s  t i n *  large ore bodv. 

It is unavoidable that the foregoing description of the Ularkhnwk 
mine should leave many questions unanswered. The conditions are 
complex, and tin* opportunities for their investigation extremely lim
ited. The existence of a great zone of faulting. from which several 

. fissures, including' tin* Little Maggie. bran<*h off toward the southeast, 
has resulted in details of rissuring and fracturing which tin* present 
imperfectly mapped and unsyst(*matic working's are wholly inadequate 
to unravel. Hut there is one clearly seen and important fact which 
vitally concerns the future of the mine. All the work on the replace
ment ore, liodies has hitherto heen routined to one lied of limestone at 
the top of the medial division of the Hernmsa formation. Hut this 
entire division is composed chiefly of massive limestones aggregating 
several hundred feet in thickness. Jt is prohable that the limestones 
below this upper Iwd. and extending down to Silver Creek on the 
northeast side of the Hlackhawk fault, may also have heen purtlv 
replnced by ore in the. neighborhood of the fault zone. Xo effective 
prospecting has yet l>eon done to determine whether ore bodies simi
lar to those already mined may not exist in lower beds of limestone. 
Furthermore, the same limestones occur higher up Allytt (lulcliaml 
south of the Little Maggie shaft, on the southwest side of the Hlack
hawk fault. No attempt appears to have. Iwen made to determine 
whether these same Middle Hernmsa limestones have lieen replaced 
by ore on this side of the Hluckhuwk fault zone. 
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AlXliillANY MINI"..  

T l i i -  lie.- northeast of til.- lilaekhawk fault zone, ami ha-
• i  {>. • 11 • - >  i  b v  two tunnel-, tlie low't -r at li'.gi*1 leet. •ami I lie I I | I |M- I al 
I.i.::iin 1'iM-t in altitude. The vein strikes N. i"" ^ • and di|» -<>uth-
\\.-t at 7- . Like tile Little Maggie vein it diverge- to tlie southeast 
lioin lin- lilaekhawk fault: hut. unlike that vein, its southwesterly dip 
make- the divergence tnueh nmre apparent on the surface. I he work-
in ir- are all in arko.-c sandstone- anil thin limestones ot the I pper 
1 lerino.-a. which the fissure do.- not appreciably fault. 

In the upper tunnel the vein divides, one branch striking due souih-
ea-t. a course which, if continued, must carry it into the Little Maggie 
\. • i 11. 

Tin- vein i- tilled with -oft. oxidized silver ore up to Is iiielie- in 
width. wliieii shows almost no .piartz. It i- said to have produced 
-onie argentiferous galena. bul none win seen at the time ot visit. It 
ha- hr.-n sloped betwi-.-n the I \\o tunnel- and above the southwest 
branch in the upper tunnel. The mine i- at present idle and only 
part I v aece—ible. 

I . K i t . A  H A M S  M I N K .  

Tiii- lies immediately southeast of the Alleghany mine anil on the 
ea-i.-rly branch of the same vein. The main tunnel enters at an 
elevation of about lo.45o feet, while a second tunnel has been driven 
at lo.i'itiu feet, and a third tunnel about feet above the last. The 
vein strike- about N. tin W. and dip- -outhwest at 7a . The country 
lock i- chiefly arkuse sandstone in massive beds, part of which belong 
to tin- I'ppor Ilermosa and part t" the llieo formation, a- mapped by 
Cro—and Spencer. The vein tilling i- in all respects similar to that 
in the Alleghany ground. and ha- been sloped for a horizontal distance 
of about 300 feet and through a vertical distance of over liou feet. 

Owing to their opposing dip-, the Allcghany-Leila Davis and Little 
Maggie. vein- may come together before reaching the ore-bearing 
lime.-tone of the Middle Merniosa. 

I ' K I V A T K K l t  M I N K .  

This is a prospect on the north side of Allyn Gulch, about 1 M . O O 0  

feet southeast of the Little Maggie shaft. It consists of a tunnel 
several hundred feet in length on a vein striking X. 70° "VV. and dipping 
northeast at 85". This vein i- in jdaces 4 feet wide, but for most of 
the distance exposed is composed of crushed rock and gouge with but 
little quartz. The tunnel is partly in sandstone belonging to the 
Dolores and partly in an intrusive sheet of porphyry. The sandstones 
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an '  m>t  no t i c e ab ly  fau l t ed  by  t i n -  l i s su tv .  a l t l i o in j i i  t in -  n lnmi lan t  gouge  
shun  -  th a t  some  m ove m e nt  l i a s  t aken  p lace  a long  i i .  \  l i t t l e  < 11:1  •  r i 11 •  
ami  ga l ena  o ce l l i '  i l l  t he  ve in ,  h i l t  a | i | i a ren t l \  m•  workab le  ore .  1 ' ln •  
pro -pcc l  i -  i» t '  i n t ere s t  on  aeeount  o f  i t -  pr ox i mi ty  to  the  l ine  o f  the  
B lackhawk fau l t ,  f ron t  wh ich  i t s  ve in  appear - - to  d iverge  in  a  manner  
- imi lar  t o  those  o f  the  A l l eghany ,  a n i l  L i t t l e  Magg ie  mines .  

A I I O K X T I X I :  M I N K .  

This  mine ,  s i tu a ted  in  the  l i ed  o f  S i l ver  C reek ,  o n  the  l ine  o f  the  
B l a ckha w k fau l t ,  was  former ly  worked  thro  no  It  a  -ha f t  wh i i - l i  i s  no w 
aha i idoned  and  t i l l ed  w i th  water .  T he r e  a re  a l so  a  f ew  sh or t  tu n n e l s  
o n  the  -o i i r l i  s ide  o f  the  c r e e k ,  p ar t ly  i n  a  reeen l  de pos i t  o f  fmoments ,  
o f  e i iun try  .  r ock  f rom the  h i l l s i de  ahove .  c emented  by  i ron  ox ide .  

The  dump o f  the  Argent ine  sha f t  shows  l imc- iouc  a nd  sands tone  a s  
t in -  p r e va i l in g  country  voeks .  Coar . - e ly  e rv - ia l l ine  pyr i t ' e  i -  ve r v  
a>•  11111 i . - 1111 .  and  apparent ly  oee i i r red  ; i<  a  r ep laee i i i en l  mass  in  l imes tone ,  
s imi l ar  t o  tha t  in  the  Hlaekhawk mine .  I t  i s  r epor ted  by  (Had lord  
Smi th ,  who  la s t  i rked  the  mi ne ,  tha t  the  Hlaekhawk l i—nre  r uns  
through  the  sha f t ,  ou t  the  ore  occu rs  in  ano ther  ve in ,  t r e nd i ng '  nor th 
wes t  t ow ard  the  I ron  mi n e .  Th i s  ve in  inav  co inc ide  w i th  the  Las t  
Chance  fau l t ,  w h ic h  i s  m ap p ed  by  Cross  and  Spe nc e r  a s  pas -mo  near  
the  Argen t in e  s ha f t .  T he  ore  i s  sa id  t o  have  been  about  M f e e t  w ide  
ami  o f  l ow  grade .  

The  country  rock  a t  the .  co l l ar  o f  the  sha f t  b e l on gs  near  th e  base  o f  
the  I ' p p e r  Her tnosa :  bu t  the  sha f t  undoubted ly  p e n e tr a te s  th e  mas 
s i ve  l imes tones  o f  the  med i a l  d iv i s i on  o f  the  Her tnosa  format ion .  

U N C I . K  N K I >  M I N K .  

This is situated in Uncle Ned. draw, on the southwest spur of Tele
scope Mountain, in sandstones and shale- of the Oolores formation. 
It is apparently on the Blackhawk fault tissurc. Imt the workings 
are no louder accessible. The dumps show great quantities of quartz 
and pyrite, with a little sphalerite and galena. 

W O R t . u ' s  F A l l l  M I N K .  

The workings of this mine lie just cast of the Uncle Ned. on a vein 
striking N. 25 2 W., and thus diverging towarti the north from the. 
Blackhawk fault. The general dip is northwest at 75". The vein, 
which has been opened by three tunnels, is oxidized and decomposed, 
and is accompanied by some gouge. It closely resembles the Little 
Maggie vein in general appearance, and has produced some silver-lead 
ore, but is now abandoned. 
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MINES OK NIGGF.K BABY HILL 

i , l  N i . l I M  

I  ' h i s  h i l l  w a s  f l i c  —  i  - i * i  t >  •  H i  1 1 1 1 1  •  " I  i  H i  t i n '  e a r l y  m i n i n g  a c t i v i l v  " I  1 1  •  

i i i - t r i r l .  T i n •  i r r n u i i d  i s  n u i ' i v i i  v i l l i  <  i a i i n -  w h i c h  h a v e  b e e n  n - J > I - : i  1  

i  •  1 1 1  \  a b a n d o n e d  a n d  r i ' h  u ' l l l i ' i l .  c a u s i n g  l l i i l i ' i i  i ' i  » l l  l u s l o i l  " I  n a m e - - .  : m > !  

l l i r  h i l l  i s  l i o n e v e o i i i b e i l  v i l l i  < l i - n — i ' i l  v v  n r k i i i ' j s .  O n l y  a  l e w  < > i  1 1 n -

n u n c  i m p o r t a n t  u f  t i n 1  l a t t e r  w i l l  h r  i l l — i v i l i i - i l  i n  t i n '  f o l l o w i n g  J > : i i j •  .  

a n d  m i  a t t e m p t  w i l l  h r  m a d e  I "  a d h e r e  i  l i i x ' l y  I n  t l i r  a r t i l i i - i a l  d i v  L i o n s  

a r i s i m j  f r o m  i i u l i v i i h i a !  o w n e r s h i p  n l  v a r i o u s  j i o r t i o n s  o l  t h i s  c o m p l e x  

l i n t  w o r k .  

l . l i A M '  V I I ' V  O K I  I f  I ' .  

l i i i -  r n i n j i i ' i x —  l l i i '  ( i r a m l  \  i c w .  l ' l u e i i i x .  f e l l o w  J a c k e t .  M a | n r .  

: i  i n  I  P e l i c a n  c l a i m s ,  c o v e r i m j '  s o n i c  " I  i h c  e a r l i e s t  i o c a t i m m  i n  I  h e  

1 1 i s t i  i i •  t .  T h e s e  c l a i m s  l i e  m i  t h e  m a i n  s p u r  a m i  s o u t h  s l o p e  o l  V e _ . . _ . e r  

l i a h v  M i l l ,  r a n e ' i n e '  i n  a l t i t u d e  I  l  o i n  a n n u l  | n . n . " i i i  l e e l  a t  i h e  o l d  (  o l .  

I  l i e  I '  s h a f t ,  o n  t h e  n i l s ! '  I l l  t  l i e  h i l l ,  t l o u  n  t o  a h o i l l  t e e l  a  I  I  I I I '  1 1  > i i  i * t  h  

l e v e l  o f  t h e  P l u c l ' i x  V M i l ' k i l i e s .  o n  t h e  s l o p e  l i o l ' l l l  " I  s i l v e r  I  r e e k .  

T l i e v  l i e  l a r e e l v  w i t h i n  t h e  M o c k  o f  M i d d l e  a n d  L o w e r  I l e r m o s a  i i e . L .  

w h i c h  i s  h o u n d e d  b v  t h e  N e l l i e  I » I v  f a u l t  o n  t h e  n o r t h  a n d  t i n -  L a s t  

C h a n c e  f a u l t  o n  t h e  s o u t h .  W  i t h i n  t h i s  a r e a  t h e  e x t e n s i v e  w o r k i i i ' j -

h a v e  r e v e a l e d  n u m e r o u s  v e i n s  h a v  m e  g e n e r a l  c o u r s e s  v a r y i n g  i r o m  

N .  I ' d  t o  N .  i > "  \ \  .  a n d  d i p p i n e  n o r t h e a s t  a t  a n c l e s  o l  1 " .  o r  ' J o  i . .  

v e r t i c a l .  T h e  g r e a t  n u m l i e r  o f  t h e s e  v e i n s ,  t h e  t h o r o u g h  o x i d a t i o n  

a n d  d e c o m p o s i t i o n  o f  t h e i r  u p p e r  p o r t i o n s ,  t h e  u n s a t i s f a c t o r y  o u t 

c r o p s ,  a n i l  t h e  n u m e r o u s  f t i u l i s  w h i c h  C r o s s  a n d  S p e n c e r  h a v e  s h o w n  

t o  t r a v e r s e  t h e  h i l l ,  r e n d e r  t h e  s t u d y  o f  t h e s e  o r e  d e p o s i t s  c x c c e d i i t g l v  

d i l l i c u l t .  T h e  f o r m e r  w o r k i n g s ,  m o r e o v e r ,  w e r e  v e r y  p o o r l y  m a p p e d  

a n d  a r e  n o w  a b a n d o n e d .  S o m e  o f  t h e m  a r e  e n t i r e l y  i n a c c e s s i b l e .  

In 1'. I I  I I  i the. only way of examining the upper jiortions of the work-
in jr*. including the old stopes. was by passing through the abandoned 
and caving drifts and inclines which connect the Phirnix No. 1 and 
Hojie and Cross tunnels (PI. XXXIX). The condition of these old 
workings was such that it was deemed prudent to oonHne their study 
to a single trip through them. 

If accurate nmps of all the Nigger Baby Hill workings were avail
able and could be plotted on one sheet to the same scale, much light 
would undoubtedly be thrown on the perplexing problems presented 
by these veins; but the data for such a procedure arc unfortunately 
not obtainable. 

Three important veins have been worked in the Grand View mines. 
These are the Phoenix, Grand View, and Cobbler veins. They have a 
common strike of al>out X. 30c W. and on the Phienix Xo. J level, 
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\\ lull- ;ill three veins are exposed, .-otlietliilic over If"" Ice! below the 
surface. tie-Vale about ."'I • t'ect apart. I'lle I 'obliler Vcill Was urigi-
na!l\ worked from a shaft sunk mi the summit of Nigger Baby Mill 
at an elevation of |ti.«n>n fec.t. Near the surface the vein dipped 
nortiieasierh . hut at the J'iiu-nix No. I level it is vertical. Ihisveiiii-
smal!. )>nl produced some excellent oxidized ore. and was continuously 
sloped from tiit- surface down to the l'lncnix No. 1 level (see fie. (>.i. 
At this depth the vein hits a northeasterly dip of ">n . hut is less steep 
in th. Alma Mater level alntve. especially when followed northward. 
On tlie l'lncnix No. 1 (Grand View No. 4) level tin- vein shows a width 
of about - incites in massive sandstones and a little shale. The vein 
is composed of an impure ealeite associated with an abundance of the 
ox ides o! inanoaiiese and iron, and containing little vugs and druses o1 

Kit;.  r.T —I/tniriOflmal tactions through the View and Thrcnix reins. 

white cakite. It contains practically no workable ore nt this level, 
and presents a condition intermediate between the. thoroughly oxidized 
ore above and an unoxidized vein filling composed of low-grade sulphide 
ore in a ealeite gangue. 

At the southeastern end of the drift on the Cobbler vein are two 
cross fissures, striking N. fiO° E. and dipping northwest at from 40° to 
(J5-. These fissures are filled with soft gouge and are younger than 
the Cobbler vein; but they do not appear to fault it. In this end of 
the drift are massive limestones, presumably belonging to the Middle 
Herinosa. and some intrusive masses of porphyry. The presence of 
the limestone suggests that the Nellie Blv fault may cross this drift, 
but the exact location of the fissure could not. be discovered. 

The Grand View vein, on this level, lies 50 or do feet southwest of 
the Cobbler. It was formerly worked through the Grand View inclined 
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-haft. which entered tin- liill at an elevation of about |.M H N . t.-.-t in 
massive limestones. belonging to tin- middle division of tin- llermosa 
formation, and followed down tin- dip of tin- vein. S.mewl|.-rv in 
Ms course if is supposed to have passed through tin- Nellie Bl\ lault. 
luit a> tin- shaft is timbered up. the locks which it penetrates-arc not 
exposed on the Phu-nix ami llieks levels (1*1. XXXIX). and in tin-
slopes between them the Grand \'iew vein (known as the Hope vein in 
tin- Hope and Cross workiiigsi shows.a variable dip up to bo . V hen 
tin- dip is steep, the vein is small and cuts aefoss the beds of shale and 
sandstone belonging probably to the I pper Horttiosa. But where tin-
dip flattens, tis it does some distance above this level, and above the 
Hicks drift to the northwest, the vein is larger, and often follows 
the bedding planes'for some distance. In such cases it may IK- I> 
inches wide. It is composed of soft, oxidized material containing 
much oxide of manganese. Above tin- Phrenix No. 1 level this 
material was usually rich in silver. 

The l'lueiiix vein lies about 5" feet southwest of the (irand \ iew 
and is parallel to the latter in strike. At the Cobbler crosscut, tin-
l'lueiiix vein dips northeast at only 1or i'o: and follows a bed of 
decomposed shale.about a foot thick, lying between relatively Mia-si\o 
bei ls  of  sandstone.  The vein .  s teepening i t s  d ip  in  p laces ,  car r ied  s o f t  

oxidized ore from the l'lueiiix No. 1 level out to the surface, and ha» 
been extensively stoped. 

South of the Cobbler crosscut the Phu-nix No. 1 level follows a 
nearlv vertical vein carrying partly oxidized galena in a decomposed 
gangue of ini|nire calcite. This vein has the same strike as the flatly 
dipping l'hienix vein, and does not appear to fault the latter. It is 
probably merely a branch of the l'ho-nix fissure. 

About lob ('.) feet south of the Cobbler crosscut the hanging wall of 
tin- l'lueiiix vein changes to massive limestone. The vertical fissure 
apparently turns abruptly to the west at this point, but the l'lueiiix 
vein, dipping 25 or Ho- to the northeast, continues toward the mouth 
of tin- tunnel. Much good ore was stoped beneath the limestone in 
this part of the vein. 

The Grand View vein has apparently' not been worked below the 
l'lueiiix No. 1 level, but the Phoenix vein has l**cn extensively stoped 
f o r  a n  a d d i t i o n a l  d e p t h  o f  o v e r  1 5 u  f e e t  d o w n  t o  t h e  P h o e n i x  N o .  - J  

level. 'Between the Phoenix No. 1 and Star levels (see tig. C>7) the 
general dip of the vein is 3<»-. The ore. removed was soft, oxidized 
material, and appears to have frequently had a width of 4 or 5 feet. 
It lay between walls of tine-grained, massive sandstone. 

A crosscut toward the southwest, and therefore into the foot wall, 
shows numerous veins of steeper dip than the Phienix. which prob
ably run into the latter above. These vary in strike from N. 45 \V. 

1 itii'.i I«K . cii .. p . UK. 
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tn X. s" W.. ami in dip from .">i' i• • *>."• to tin- northeast. 1I I O M »  

veins arc ciiiupi»c(l of the soft. Mack, muiieaiiitcimis material MI com
mon a- a vein tilling in the upper portion of Nigger Baby Hill. I hey 
travei'M' massive limestone* and" »aini>loiie> probably liohnigiiig to the 
Hermo-ii formation. 

]ielow the Star level the I'hienix vein i- lex thoroughly oxidized. 
Tlie old >topes show that the vein freipiently pinched to a width of 
onl v -J or :: inches. In these narrow port ions the ore consists id' galena, 
partlv ehaneed to cerussite. with some sphalerite and pvrite. hut prae-
tieallv no gaiiguc. This ore lies Iietween a hanging wall of sandy 
shale and a foot wall of fine-grained sandstone, and follows the bedding 
for some distance, -Judging from the character of the stupes, the 
value of tie- ore \\n«. to some extent proportional to the decree of its 
oxidation. 

(>n the I'hienix No. - level the country rock, consisting chiefly of 
massive sandstones of the Ilermosa formation, is traversed by till 
steeplydipping veins. One strikes \. 7" W. and has a variable hut 
Generally vertical dip. It is very irregular. containing a little pyrile 
and oxidized material, hut no ore. \ -.ri-iiml vein strikes X. . 
aii<| dips northeast at a hint t 7" . This carries pvrite. sphalerite, and 
ehalcopvrite. and is in places g feet wide; hut the ore is apparently ol 
too low grade to extract. From the southwest side of this vein a flatter 
vein, dipping 4<i to the northeast, branches just above the level. This 
vein carries a little galena ore and lias been stuped. It is |M»sibly 
the I'hienix vein, but the old stupes, in which alone the identity could 
be established, were not accessible at the time of visit. 

The third nearly vertical vein is cut near the mouth of the level. 
It strikes X. so \Y. and dips southwest at «!o . Its tilling is barren 
quartz about inches wide. The dip and tillinc- of this vein are 
different from those usually observed on Nigger Baby Hill. It is 
poorly exposed, and its relation to the other veins on the level is not 
apparent. 

On the third level of the Phoenix the main drift follows a small, 
solid, unoxidized vein containing: much sphalerite in a ealeite gangtte. 
This vein strikes N. 55° W. and dips northeast at t>0-. An incline 
that was run up on the fissure for about 4o feet shows that this vein, 
which is beautifully Minded, diminishes in width, lessens its dip to 35°, 
and finally breaks up into a network of small stringers in tine-grained 
Hermosa sandstone. From the top of this incline an inclined cross
cut was run into the hanging wall for about 20 feet. This opened up 
a second generally parallel vein striking X. tin" \\\ and-dipping north
east at 45'. This is a solid vein, containing abundant low-grade 
sphaleritic silver-lead ore in a ealeite ganguc. It has been stoped to 
some extent, and the workings extend up to the I'hienix Xo. 2 level, 
showing that it is probably the Plnenix vein. On the main No. 3 
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l eve l  t l i i -  v e in  Ju i -  l i . - c r i - i iM- i l  i n  w id th .  I l  ju  . . i » : n> i \  d i e -  .n i l .  a -  the  
over lapp ing  ve in  a  f ewfee t  sou thw es t  .>1 '  i t  g row-  larger .  A  w inze  
on  the  l a t t er  ve in  show-  t l i a t  i t .  ami  no t  t l  r i g ina i  l 'hu -n ix .  i -  t i n -
ve in  fo l l owed  in  t i l e  I 'hou i ix  No .  4  l e ve l .  

T i m No .  l< -v i - l  . -ml -  in  a  ero - se i i t  ru n n in g  N .  ." .o  K .  I ' lm  breas t  o t  
th i s  cro -M i i t  i -  in  ma- - i ve  . - r ino i i l a l  l imes tone  o t  t in -  Midd le  I l e rn io sa .  
r e s t ing  111»>11  s ands tone .  T in -  d ip  o t '  t i n -  h ' - ' i -  i>  t "  t i n -  nor theas t .  
T in -  ve in -  on  th i ~  h -v . - l  appe ar  to  f o l l ow  t i n -  bedd i ng  p l an e -  in  the  

m a in .  
T in -  f our th  an i l  l ow er  l eve l  o f  the  Hio - n ix  mi n e  i>  raved  and  

i naere—a I » i e .  Apparent ly  s eve r a l  ve i n s  s imi lar  t o  t h os e  jus t  de ser ihed  
wen-  pro -pee te .  i .  hu t  f in -  o re  wn»  too  poor  to  pay  l or  work  i l i i : .  

A L M A  M  A T I - t i t  M I N K .  

The  pr i ne i pa l  l eve l  o f  t h i s  mine  i s  shown  in  1  *1 .  XXXIX.  Ly ing  
a bo i l t  A" f e . - t  a  Ot  I \  e  I  he  I ' iuen ix  No .  I  l ev e l ,  i t  e on  l i e e t  s  w i t  1 1  t i l e  < i  rand  
V iew  work ing -  through  the  Cobb ler  ve i n ,  and  on  th e  eas t  w i th  the  
But l er  m ine ,  l ' rohnh l v  now here  a t  pre sen t  a . - ee—i h le  in  N igge r  Baby  
Hi l l  ea n  a  ho t t er  idea  he  ob t a ined  o f  th e  number  o f  nor thw es ter ly  
ve in -  wh ich  t r ave r se  the  h i l l  than  in  t in -  A l ma  Mater  l e ve l .  I t  i s  
e s s en t i a l l y  a  nor theas t er ly  cros scu t ,  connec t ing  w i th  dr i f t s  on  a t  l e a s t  
s i x  ve ins .  The  Ne l l i e  B lv  fau l t  i s  supposed  to  cros s  th e  tunne l  about  
7" .  f e . - t  f rom i f s  mouth .1  hu t  the  gr ound  in  th i s  v i c in i ty  does  no t  pe r mi t  
the  cer ta in  iden t i f i ca t i on  » t  the  fau l t  f i s sure .  There  i s  much  ox id a t ion  
and  decompos i t i on  and  severa l  i r regu lar  s e n i l i s  o f  gouge  a t  th i s  po in t ,  
apparent ly  connec ted  w i th  th e  ( i rand  V iew  ve i n .  Beyond  the  ( i rand  
V i ew  ve in  the  rm-ks  arc  ch i e f l y  sands tones .  t i - e i | ueu t ly  so mew h a t  
sha lv .  be l o ng i ng '  p ro b a b l y  t o  th e  Upper  J l crn io sa  beds .  

The  Cobb ler  ve in ,  a s  s een  on  th i s  l eve l ,  i s  a  near ly  ver t i ca l  shee t ed  
zone  in  sands tone ,  con ta in ing ' s t reaks  o f  ox id i zed  ore  up  to  1  f oo t  w ide .  
I t  has  been  ex tens ive ly  s toped .  

Between the Cobbler vein and the Butler gn >t ip  of veins, at least four 
veins, ranging in strike from X. 2o~ W. to N. 4.'. W.. and dipping 
northeast, ore cut by the crosscut. Upon one only has any work been 
done. The filling of these veins is rather tine-granular impure calcite, 
containing minute specks of sulphide ore. and more or less thoroughly 
decomposed to the soft, black manganifcrous material alreadydescribed. 
In hand specimens the undecomposed vein filling shows slight banding-
parallel to the fissure walls, hut in thin section, under the micro
scope, can not be distinguished from an ordinary limestone slightly 
mineralized. The microscope shows that the alteration extends irreg
ularly into the calcite as minute dark specks and dendritic patches, 
which become more closely aggregated as the change proceeds, until 

1  C r « y > f t  u r n )  s p e n c e r ,  i u c .  c u . .  i »  I J v  
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t in -  r u l i  i t c  i »  a l !  r i ' i in > M M |  and  a  pu l v eru l en t  Mark  m as s .  l arge ly  ox i d e  

i i f  u ianya in ' - i - .  r emains .  
T in '  B ut l e r  grnupmns i s t so f  t h v e e  para l l e l  ve i n s S I I K U M  l e e !  ap ar t .  

T in1  m i l -  neares t  t l i e  month  .o f  the  l imne]  i s  known  a s  the  But l e r  No .  M.  
o r  L i t t l e  I ' . u t l e r  ve in .  I t  ha s  hern  s toped .  i iml  i »  s a id  t o  connee t  w i th"  
t i c  work ing  o f  the  But l er  m ine ,  t o  the  s o u t h ea s t .  B u i  pra c t i ca l l y  
no th ing  o f  the  ve in  e ou ld  l> e  s e e n  a t  the  t ime  o f  v i s i t .  

N o r t h ea s t  o f  the  But l er  No .  M l i e s  the  But l er  No .  ve in ,  s t r i k in g  
N .  V" .  ami  d ipp ing  nor theas t  a t  t>a - .  Th i s  i s  a so l i t l  " spar"  ve in ,  
s  i ne l i e s  w ide .  showing  a lmos t  no  ox ida t ion ,  and  conta in ing  abundant  
sp h a ler i t e  an d  a  l i t t l e  pyr i l e  a nd  ga l ena  in  a  gangt i e  o f  ea l e i t e .  Mue l i  
o f  the  ea l e i t e  i -  s l i gh t ly  p ink ,  and  pro l inb ly  c on ta in s  manganese  
earhonate .  

N or the as t  o f  the  Bu t l er  No .  i s  the  But l er  ve in ,  s t r i k i ng  N .  Mo W .  
and  d i pp i ng  nor theas t  a t  To - .  Th i s  i s  s imi lar  t o  the  preced ing ' ,  l a i t  
more  o x id i zed ,  t  on s id era h lo  wor k  ha s  B e e n  do ne  on  th i s  ve in  and  
M i l n e  ore  was  ex truded .  

l l i i l ' K  A X I i  f i l l » S S  M I N K .  

1  h i s  mine  wa-  probab ly  th e  f i r s t  on  N igge r  Bahv  Hi l l  t o  produce  
on -  in  commerc ia l  quant i t i e s .  I t  w as  or ig ina l l y  worked  in  Und .  
I.VN: ;  B y  inc l ined  sha f t s .  I t  i>  now o p en ed  by  a  tunne l ,  s i tua ted  on  
t i n '  wes t ern  s l op e  o f  the  h i l l  a t  an  a l t i tude  o f  about  ' . ' .XoO f ee t . .  The  
work ings  f rom  th i s  tunne l  a re  eont in t ious  w i th  t hose  o f  th e  ( i rand  
V iew  gr oup  i s e e  I ' l .  XXXIXi .  Two  ne ar l y  para l l e l  v e ins  are  recog 
n i zed .  s t r ik ing  abou t  N .  Mo \ \  .  and  d i pp i ng  a t  l ow  ang le s  in to  th e  
h i l l  t o  the  nor theas t .  The  upper  and  more  eas t er ly  o f  t h es e  ve ins  i s  
the  Hope ,  wh ieh  i s  the  sa me  a>  the  ( i rand  V iew  ve i n ,  a s  shown  bv  
cont inuous  dr i f t ing .  T h e  d ip  o f  th i s  ve in  i s  verv  var iab l e .  I t  ' f r e 
quent ly  f o l l o w s  the  bedd i ng  o f  the  s l i a ly  sands tone s  f or  some  d i s tan ce ,  
w i th  a  d ip  o f  abou t  - J <»- .  and  then  turns  up  acros s  th e  be ds  w i t i i  d ips  
a s  h igh  a s  45 - .  I t  i s  t i l l ed  w i t h  so f t ,  decomposed  mater ia l ,  muc h  o f  
wh ic h ,  be in g  r i ch  in  s i l ver ,  has  been  s toped  ou t .  

The Cross vein lies southwest of and below the Hope, the distance 
between them being about 45 feet. This vein is below the tunnel 
level, and is cut at the bottom of the winze shown in J'l. XXXIX. 
It shows much disturbance at this point, and consists of a streak of 
decomposed rock. clay, and black oxide of manganese, underlain bv 
decomposed sandstone, which is shattered to a distance of '1 or 3 feet 
from the vein. The banging wall is a micaceous sandy shale, also 
much disturbed. The best and most abundant ore is found in the 
flatter portions of the vein. It is distinguished from the worthless 
oxidized material by the presence of specks of copper carbonate. 
The maximum thickness of the ore is 3 feet, but the usual thickness 
is from 4 to N inches. It coutains on an average from 150 to 300 
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« n i t i f f . —  " f  s i l v e r  | M T  t o n .  a l t h o u g h  s o m e  o r e  I ' l l 1 1 u i i i i ;  a *  h i g h  • ' *  1 . " " "  

o u n c e s  J U T  l o l l  h a s  b e e n  s | i i | > | > c d .  
In  i t s  j i o s i t i on  w i th  re f erence  t o  th ' '  I l o j i r  Of  ( i rand  N i<>"  \ «* in -  I ' •**  

Cros s  ve in  c or r e sp on d *  to  t in '  H im- n ix .  I t  wou lu  ho  uns a fe .  how
ever .  t o  a - su i i i f  t lu  i i  i d e n t i t y  in  u  l oca l i t y  w in -re  l i—un-  o i  ' ' ' *«"  
I  l e n d  H I T  so  n u m e r ou s .  a n d  W I H T O  t l i f f f  ha *  e v id e n t ! }  h f f i i  *o  in iu i i  

d i s turba nce .  
.A .  l i t t l e  nor th  o f  t in -  l l o j i e  and  Cros s  t unne l ,  and  f ee t  ve r t i c a l ! }  

hr low  i t .  a  t unne l  i i a~  ' t e en  run  11>  c u t  the  C ro s s  ve i n  a t  a  mo le  con 
ven ien t  |>o in t  f or  work in g  i t .  A bout  iVm f ee t  f rom i t s  m outh  i t  cu t s  
a  s t rong  t i s sur . -  s t r i k i ng  N .  4"  W.  and  d ip j> in«r  s i t  4 . ' .  o r  M'  t o  the  
nor theas t .  I t  i -  f rom a  l oo t  t o  I s  inehes  w ide  and  very  regu lar .  I t  
eon ta ins  >o i i i e  . - rushed  quar tz .  e l a y .  ox ide  o f  mangane s e ,  and  gouge  
nex t  I  t i e  wa l l s .  Hu t  a l though  n iueh  d r i f t in g  h a -  been  done  a lone  
th i s  f i s - h i v .  U J I O I I  the  - i i j i j i o s i t i on  o f  i t s  be ing  the  (  r<>— ve in ,  on ly  
t race . -o f  o re  have  been  found .  I t  s e em s  j ) rohahh-  tha t  th e  forego ing  
su j l j i o s i t i on  mow a  I  I : I  ndo i i ed  l i v  the  p r os p e c tor s )  i -  c or n -e l .  i l l  s j i i t e  o f  
t he  lack  o f  ore .  and  tha i  th i . -  l i - sure  i -  e on t imio i i -  w i th  tha t  known  as  
the  Cr os s  ve in  in  t i l e  U JI J i er  w ork in gs .  Hut .  a s  i s  o f t en  th e  ea s e  i l l  
pr os j i e c t  ing .  a  l i t t l e  u eeu ra te  s urvey ing  i -  the  l a - i  r e so r t ,  ra ther  than  
t he  t i r - t  j i r e j i ara i  i on .  

Sca t t ered  fh i ck lv  ove r  the  h i l l s ide  be tw een  the  Hope  and  Cr os s  and  
( brand  V iew  ad i l -  a l  e  a  number  o f  l i t t l e  t unne l s ,  f rom some  o l  wh i ch  
r i c h  or e  was  be ing  - h i j i j ' ed  in  I I H I I I .  They  l i e  t o  the  nor t h  o f  Ne l l i e  
HIv  fau l t ,  in  sand- lone -  and  -ha l e -  o f  the  l" j ) |>er  l l e rmosa .  wh ich ,  a t  
the  fau l t ,  a re  bro ug ht  in to  jux ta pos i t i on  on  the  s ou t h  w i th  mass ive  
l ime s to ne*  o f  the  Midd le  Her i l l o sa .  

Wi th  the  exee ju i on  o f  a  smal l  s t r in g er  o f  ga l ena .  a l l  t in -  o re  i s  o f  

t he  usua l  ox idr / . ed  . -harac ter  and  com es  f rom the  s uper f i c ia l  p or t ion s  
o f  the  Cobb ler ,  ( f r au d  \  h- \v .  o r  H ope .  C ro s s ,  and  o ther  ve ins .  One  
l o t  o f  about  i f ' '  t ons ,  sh ipped  in  l i » i»u .  w as  v a lu ed  a t  about  o  per  
ton .  N ln - t  o f  t he . - c  work ings  are  too  sh a l l ow  and  i rregu lar  t o  mer i t  

• spec ia l  de scr ip t ion .  

N K L l . I K  1 1 L V  M I N K .  

The chief interest of this little mine is in connection with the great 
fault to which it has given its name. The workings consist of two 
tunnels on the south slojie of the hill—one at an elevation of about 
9,900 feet, and the other ajijiroximntely 50 feet below it. The two 
ure connected by a winze. The lower tunnel, shown in lip. '»8. is a 
crosscut through shales, sandstones, and intrusive jvorphyry, and in 
1900 was beinjr extended with the object of tajvjjiiig the Hutler veins. 
About 125 feet from its mouth the tunnel euts an east-west fissure, 
dipping north at 65-. This tissurc is only 3 or 4 inches wide, and is 
filled with tightly squeezed crushed rock. It is probably the Nellie 
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Blv  fau l t .  i i l t l lit- - l i :d« - -  on  e ac h  s ide  o t  t in*  l i^ su i c  : i t  t i i i *  po i n t  
a i c  apparent lv  i t  i t - l i t  i ra l .  A  ver t i ca l  upra i s e  t> n  th i ~  t i—- nr o  t o ta l l y  
opened  u p  t l i t -  Ne l l i e  U lv  t ' r in .  p re s u mab l y  a t  t in .1  i n i er>ee i i i>n  o t  i l i r  

l a t t er  w i th  t in -  f au l t  p la n e .  
T he  work  o f  the  Ne l l i e  H ly  ve i n  i s  t i l l  011 the  l eve l  o f  the  uppe r  tun

ne l .  Th i s  en ter s  in  m ass ive  gray  l imes tone  Imloug ing  to  the  med ia l  
d iv i s i on  o f  the  l i e rm o s a  format ion .  Hut  a l tou t  t»  f e e t  f rom the  mouth  
t he  l ime s tone  i s  cu t  o i l  hy  a  f a u l t  and  the  tunne l  pas se s  in to  t inc -
gr n i ncd  sh a ly  s ands tone s  l i e l omj ine '  t o  th e  upper  d iv i s i on  o f  the  l i e r 
mosa .  T h e  fau l t  s t r i k e s  nor th '  7">  ea s t ,  a nd  d ips  nor th  a t  s o  .  'Lhe  
f i s sure  i s  e l e an  ru t .  a b o u t  4  inches  w ide ,  and  t i l l ed  w i th  l i r ml y  s ip i eozed  

N  1 

F I G .  G*.—£kct'*li plan oj the NVllit? Blv mint*. 

crushed rock. The only trace of mineralization consists of slight 
staining by oxide of iron. There can not he much reasonable douht 
hut that this fissure is identical with that noted in the lower tunnel, 
and is the Nellie Blv fault us supposed by Cross and Spencer. The 
throw as observed at the Nellie lily is certainly over (J feet- and is 
probably many times this amount. These writers, howo.ver. some
times speak of the fault us if it were synonymous with the Nellie Blv 
vein. This is a misapprehension. 

The Nellie Blv vein, which elosclv resembles the Grand View vein, 
and may possibly be identical with it. has a strike generally parallel 
to that of the fault fissure, and, 011 the level of the tunnel, is separated 
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t l D l l i  t i . . '  l a t l . - l  I n  a b o u t  " J "  f . - . - l  ( l i e .  b M .  T h e  N c l i i c  H I v  

I M i r I | 1  a I  , - n > ! 1 1  .  T h e  N e l l i e  f c ' » "  v " r , " ' : l 1  

Tin-  two  pro ba b ly  i i i l . - r -.M- l  i l l  t i n -  s l ope s  a  I f  v I l l ' -  level,  and  t in -  l . - . l  
I . .  t i l . -  d i s covery  . i t '  t in -  v . - i n  through  :»  l a i s e  s tar t ed  o r i g i na l l y  <>n  t in -
f au l t  fnnn  l i . - l . uv .  T in -  f oo twa l l  o f  t i n -  Ne l l i e  H ly  v . - i n  i -  j>>»t" i> l i vrv .  
t in -  hang ing  wa l l .  sand- I on . - - .  and  ' shah-  d ipp ing  « i . .n l i  a t  <>r  S>  .  
Tht -  v . - in  a n d  i t -  porphyry  foo twa l l .  hav ing  a  s l . - . - | i . - r  d ip .  . -u t  the se  
hed -  a t  a  - inaI I  an - j l <  .  a l t i i ou - j l i  th in  x -a in -  o f  v . - in  mat t i - r  n t l . -n  . - x t . -nd  
ou t  in  t in *  p lan . - -  i , t  bcdd inc '  t oward  f lu -  i i o i th .  

T in -  v . - in  i i i a t t . - r  o f  t in -  Ne l l i e  B ly  i s  . - . imposed  ch i e f l y  o f  t in -  -< > oty  
a l t e ra t ion  prod u c !  com m on in  the  ve ins  o t  N i gge r  Baby  Hi l l ,  w i th  
somet ime-  l i t t l e  wh i l e  " -near"  .p iar t z  and  i rrewular  m asse -  o f  f in e  
o r a i n e d  ve lh iw i . - i i  ea l e i t e .  A  c -h . - l l l i ea l  ana l y s i s  o f  - ome  o f  t in -  vcm-
f iHi i i e -  i -  w ive  n  on  pa»- > -  - , ; T .  The  par t i eu lar  sample  ana lyz e d  f rom 
a  por t ion  o f  t i , . -  v e in  no t  r ewar de d  a -  or e .  lu i t  i i  i l l u s t ra te -  we l l  th e  
i - enera i  na t ure  o f  t in  mater ia l  - < >  charac ter i s t i c  o t  the  upper  por l i on -
o f  t he  N igwer  Ba i . v  H i l l  v  e in - .  In  some  o f  the  - l o pe -  above  th e  l eve l  
t i l e  ve in  ha -  a  w id th  o f  - J  t o  f ee l ,  co n s i s t in g  o f  the  ahove  mater i a l  
t ra v  e i  - . -d  I iv  broken  - t  r inw . - r -  o f  .p i ar t z  and  eonta in i i . e  i . - i . l ua l  n o . iu l e -
o f  i n i p u r e e a l e i t e .  I n  - O l l i e  p l aces ,  w h ere  a l t era t ion  ha -  I  eo inp le l e .  
t i n -  e a l e i t e  - 1  • • -par "  i -  e  f e e t  i l l  w id th .  

The  Ne l l i e  B lv  ve i l !  vva -  d r i f t ed  on  and  - t op . - . i  f . . r  a  d i - l anee  o f  aU .u t  
I . ; . ,  f e e t  f ro m  the  tunne l  t<>  a  po i n t  where  i t  i -  ru t  o i l  on  th e  wc - t  by  a  
fau l t  s t r ik ing  N .  H .  and  d i pp i ng  nor thw.  - t  a t  •  > ." •  .  I  In -  t au l t  
t i - -ure  con ta in -  - o f t .  ve l l ou  c lay  gouge  be t we e n  bro ken  and  - l i ek i -n -
- id . -d  wa l l . - .  The  Ne l l i e  H ly  v  . - in  i s  sharp ly  de f l ec t . - . 1  o r  dr agge d  to  the  
sou th  a t  t in -  in t er - . - c t i on  w i th  the  fau l t .  

T h e  p ro d u c t  o f  t in -  Ne l l i e  B ly  ve in  i -  r ep or ted  to  have  amounted  to  
about  >vs . oou .  The  main  tunne l  on  th i s  l eve l  t o l l o u -  a  smal l  par t l y  
ox id i zed  " • sp ar "  ve in ,  d ipp ing  sou th we s t  a t  .  I  In -  cou n t ry  roek  
shown  i s  sands tone ,  apparent ly  d i pp i ng  n or th  a t  g .">  .  A  l ink -on-  was  
taken  f rom th i s  ve in  in  a  ra i s e  near  the  In -c as t .  

IRON MJNK. 

This  mine ,  l oca ted  in  I s s g .  l i e s  on  the  sou theas t ern  s l ope  o f  N i gger  
B ahv  Hi l l ,  the  m a in  ad i t  l i v ing  a  tunne l  a t  a  l i t t l e  over  ' . " . o t t o  f e e t  in  
a l t i tude .  Th i s  tunne l  i s  f i e tween  S t . i t t  and  i » o < !  f e e t  in  l eng th ,  and  w i th  
the  except i on  o f  a  cros scu t  o f  uhot t t  7" .  f e e t  near  i t s  mou t h ,  f o l l ows  a  
ve in  s t r ik ing  N .  l » i  AV.  and  d i pp i ng  ea s t er l y  a t  f rom t i n  t o  8" »  .  
Th i s  v e i n  can  be  t raced  on  th e  sur fac e ,  up  t in -  rav in . -  ahove  th e  mine ,  
t o  the  sadd le  beh ind  N igger  Bab y  Hi l l  in  wh ich  i s  the  Bourbon  pro spo . c t  
on  the  same  f i s sure .  

The-country rock exposed in the main tunnel consists of sandstones, 
limestones, and shales. For a little over half its length the tunnel is 
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Lets. ' " ^ „ ,„nJ  

About  4. .0  f -nr  tn„„ t j„.  f lu> tam)(i |  ̂ ^  ̂  ̂  ̂ ^  ̂  

F „ i .  W . - „ i , 1 1 ; r ! l n l n i , l H l .  ^  i h (  ^ ^  ̂  

!:rr̂ 'xz;:::r"n,:t(r;::irt Mrr- - *• Th^rt ^ 
niuib lower dip ,„,|v It,! "" ' v"""1"'""" '""1 of 

jus, Lth of", M at  
inches wide. which probable iill ' th V n" n, 'l"»rtz uluut, 4 
luuvuv,.,, the Offing, 
this point, und the fart that th* i°' tL" ^ fuu't limestone ut 
similar to th.t Z£' £ » JT'1"'" * sa„dsto„. 
nn|Nissibie. in so tin,it,si " 11 b.v the fnult.it is 
ream tmverses the bed, tosteadPof^M^">nt the veto 
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T i n -  I r o n  v  • • i n  i -  I M - I : i  11| » r >  l i n l ' l v  <  1 i~ l« I <  • *  i  '  •  \  t i n  l a u l t .  N e a r  t i l ' 1  

m o u t h  .  . 1  t i n -  1 1 1 1 1 1 1 1  - 1 .  i n  s a n d s t o n e .  t i n -  v e i n  b  o v e r  l - ' T  w i d e  a m i  

c o n s i s t s  ' i t  t \ v >  p o r t i o n s .  Next  t o  t in-  h a n g i n g  w a l l  i «  a  f a i r l y  s o l i d  

m a s s  o f  h a n d e d  q u a r t z  f r o m  4  t o  l o  i n c l n - s  w i d e .  I  In-  r « - t  o t  t i n -  v o i n  

c o n s i s t s  o f  d i s t u r b e d  i | i i a r t / .  a n d  c o u n t r y  r o c k .  l « - y o n d  t i n -  l a u l l  t i n *  

v e i n  i s  u s t i a l l v  s m a l l e r .  ( ' a l c i t c  i s  a  c o m m o n  g a n g m -  m i n e r a l  t h r o u g h 

o u t  a n d  a t  t i n -  i i . n - a » t  i -  p a r t i c u l a r l y  a l m n d a n l .  I l  c o n t a i n s  m u c h  

s p h a l e r i t e  a n d  - o n i - -  p y r i t e .  a n d  h a s  a  f a i n t  p i n k i s h  t i n t .  s u g g e s t i n g  t h e  

p r e s e i i c i -  o f  a  l i t t l e  m a n g a m - s c .  I t  r e s e m b l e -  t h e  m a t e r i a l  f o u n d  i n  t h e  

B u t l e r  N o .  v e i n  o n  t h e  A l m a  M a t e r  l e v e l  t p .  W i t h  t h e  e x c e p 

t i o n  o f  a  p o c k e t  o f  l e t r a h c d r i t c  o r e .  f o u n d  a l a n d  4 "  f e e t  a l i o v c  t h e  

t u n n e l  a n d  : ' . » i o  f e e t  f r o m  t h e  h r e a s t .  t h e  I r o n  v e i n  p r o p e r  c o n t a i n s  

p r a c t i c a l l v  n o  o r e  w h e r e  s h a l e s  or  s a n d s t o n e s  f o r m  t h e  c o u n t r y  r o c k .  

H u t  w h e r e  t h e  l i - s u f e  t r a v e r s e s  t h e  l i m e s t o n e  h e d s  o f  t h e  M i d d l e  

I I e r t n i i s a  f o r m a t i o n  t h e s e  a r e  r e p l a c e d  h y  o r e  t o  a  w i d t h  o f  f r o n t  t ' «  t o  

1 : . '  f e e t .  T h e  m a i n  o r e  b o d y  i s  o v e r  l o o  f e e t  i n  l e n g t h  a n d  o c c u r s  i n  

t h e  l n r c - o « i  i i e d  o f  l i m e s t o n e  c u t  i n  t h e  t u n n e l  ( s e e  l i e .  i ; « . i ) .  T h i s  o r e  

w a s  » t < 1 1 > e i i  u p w a r d ,  o n  t h e  d i p  o f  t h e  h e d .  t o  t h e  « i i r l a n - .  I t  w a s  

f o l l o w e d  d o w n  h v  a  v e r t i c a l  w i n / . e  l o l l  f e e t  d e e p ,  w l i i e l l .  o w i n g  t o  t h e  

n o r t h w a r d  d i p  o f  t h e  l i m e s t o n e ,  r a n  t h r o u g h  t h e  b o t t o m  o f  t h e  o r e .  

T h e  l a t t e r  w a s  r e c o v e r e d  b y  d r i f t i n g  n o r t h  f r o m  t h e  b o t t o m  o f  t h e  

w i n z e .  ( l i e  w a s  a l s o  f o u n d  e x t e n d i n g  i n t o  t h e  l i m e s t o n e  f o r  s o m e  

d i s t a n c e  f r o m  t h e  v e i n ,  f o l l o w i n g  f i s s u r e s  w h i c h  d i p  a  b o l d  4 ' c  t o  t h e  

s o u t h w e s t  a m i  c o m e  t o  t h e  m a i n  v e i n  f r o m  t h e  n o r t h e a s t .  T h e  o r e  i s  

u s u a l l y  m a s s i v e ,  c o n s i s t i n g  c h i e f l y  o f  p y r i t e  a n d  c h a l c o p y r i t e .  i n  a  

c a l c i t e  a n d  i p i a r t z  g a n g u e .  A  l i t t l e  g a l e n a  i s  s o m e t i m e s  p r e s e n t .  T h e  

m a t e r i a l  s t o p e d  c o n t a i n e d  f r o m  4 U  t o  7 u  o u n c e s  o f  s i l v e r  p e r  t o n .  _  o r  

3  p e r  c e n t  o f  c o p p e r ,  a n d  3 o  p e r  c e n t  o f  i r o n .  

O w i n g  p a r t l y  t o  t h e  f a c t  t h a t  t h e  m a i n  o r e  h o t l y  c a n  n o  l o n g e r  h e  

c h e a p l y  w o r k e d  f r o m  t h e  t u n n e l  l e v e l  t h e  m i n e  i s  n o w  i d l e .  T h e  w i n z e  

w a s  f i l l e d  w i t h  w a t e r  a t  t h e  t i m e  o f  v i s i t ,  s o  t h a t  n o t h i n g  c o u l d  h e  s e e n  

o f  t h e  o r e  b o d y  b e l o w - t h e  t u n n e l  l e v e l .  I t  p r o b a b l y  f o l l o w s  t h e  b e d  

o f  l i m e s t o n e  d o w n  t o  a  c o n s i d e r a b l e  d e p t h ,  u n t i l  p e r h a p s  u l t i m a t e l y  

c u t  o f f  h y  t h e  N e l l i e  l i l y  f a u l t .  

LAST CHANCK MINK. 

This is a prospect situated on the trail, aliout sou feet southwest of 
the Iron uiitie. It consists of a tunnel uhout sou feet long on a fissure 
having an average course of X. 80~ W. and nearly vertical. This 
fissure contains a strong but variuble vein composed of quartz, pyrite, 
and a little chalcopyrite. It differs from the other lodes of Nigger 

. Baby Hill, but its chief interest is connected with the statement of 
N • Cross and Spencer.' that it corresponds to the Last Chanee fault, which 

. j- brings up Algonkiun quartzite on the south against immzonite-porphyry 

. •  L « c .  u i t . .  i > .  u s  

22  G K O L .  FT 2 -01 -
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mi the north. Tiie actual fault may •»• parallel with lie- \ riii. and i-
certainly very rinse In it. Hut tlie walls <»f the vein li—.lire are both 
porphyry. much altered and impregnated with p\ rile. It U probable 
that the porphyry on tlie south wall i- it thin skin otih. >eparatine the 
vein frotii tin- aetual fault phiiie. 

M I N E S  O F  C .  H .  C .  H I L L .  

UKXKKAl.. 

I hat port i n n  u t  the western slope of Telescope Mountain known as 
(.'. H. ('. 11 i 11 i-  practically coextensive with the large landslide mas-
which covers the slope front an altitude of ahout 1L.Too feet on the 
cast down to the Dolores River on the west, crowding li>«* latter stream 
over against the hase of Sandstone Mountain.' Like its neiyhlmr. 
.Nigger Kabv I lilt. ('. II. C. Hill is penetrated by a labyrinth of work
ings. many of them extensive and most of them abandoned and inac
cessible. The more important mines are owned and worked in croups, 
as follow.-: 

i r i i t lp .  

W e l l i n g t o n  < _ ' r o u | i  

J . '  i - j a n  g r o u p .  

W t - l l i i i - j l o n .  

j  Z o n a  K .  

1  C .  S .  a n d  H ;  | f .  

!  M a i i l  o f  A u s t r a l i a .  I  
i J-ottie. 

;  G e n e r a l  L o i r . i n .  

i  G e n e r a l  S h e r i d a n .  

|  G e n e r a l  H o w a r d .  

G e n e r a l  S h e r m a n .  

C. H. C. group.. 

Li t t l e  Ca s | « - r .  
Go l ia th .  
C .  H .  C .  
Ath l ena .  

t % 
i  Limestone. 

i Princeton. 

The Crebec mine, closely connected with the Princeton, and the 
Pigeon mine, on the northwest portion of the hill, have also been 
important. The following descriptions will adhere to this orouping 
only so far as is convenient in a region of such irregular and inter
lacing workings. No good maps exist for any of the mines. 

At the present time work is restricted to prospecting in the Wel-
lington and Logan groups, the extraction of a little ore. by leasers, 

•See Crum nn.l Spencer, op. fit., pp. ,36-Nl. for taller a,-,,,,,,,, ,.f ,h,. u„.. 
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f rom  t in -  l ' r incc tun  mint ' ,  and  su n n 1  v i t •  \ •  i« > j nI H - nI  m:  v: » i " i < «u ~  i f— 
i i L 11><>l ' t : i 111  | H I i per t i t - . * .  I t  i -  exceed in i f l y  dnubt tu l  w h e th er  any  < »l  t in"  
ur i '  t a ken  f rom t i n '  ( . ' .  I I .  (A  h i l l  ha*  ro i im  f rom rock  in  p lace .  

W K I J - I N i i T O N  * i l a  > t  r .  

Ti i c  , „v  in  th i s  <jToup occur -  in  a  - s o - ca l l ed  "contac t .  o r  l i l ankc t  
zone .  T l i i -  t va -  or ig in a l l v  worked  through  t l i c  M e l l ing ton  sha l l ,  now 
abandoned .  The  main  ad i t  a t  pre sen t  i s  t i i c  Mounta in  Spr ing  tunne l ,  
s i tua ted  a lmos t  d i rec t l y  oppos i t e  the  m o nth  o f  I l or se  ( i n l eh .  a t  an  e l e 
v a t i o n  o f  u l i ou t  !« . . " i Oo  f e e t .  T h i s  tunne l  e x t e nds  for  ! '4< '  f e e t  in  a  
d i rec t i on  X .  K .  For  21"  f e e t  i t  pas se s  through  loose  s u r fac e  
de tr i tu - .  and  t hen  en ter s  sands tone -  and  sha l e s ,  ge ne r a l l y  bad ly  sha t 
t ered  ami  .d i s turbed .  "Whore  the  bedd ing  <>f  t h e se  r oc ks  i s  no t  ob l i t 
era t ed  t i i ey  may  he  > 0 0 1 1  d i pp i ng  a t  var i ab l e  l ow  ang le s  t o  the  so i i lh -
w e - t .  l in t  more  o f t en  the  beds -  a rc  reduced  to  a  chao t i c  jum ble  o f  
l u t ' i o  f r a i f i i i e n t s .  s epara ted  t i v  e l avev  mat e r i a l .  I  wo  d ikes  o t  wh i t e  
ip iur tzo - i -  porphvrv  and  a  f e w  smal l  s t r ingers  o t  i p i ar t z  a rc  i n t cr -
scc t c i l  1> \  t he  tunne l .  These  are  a l l  broken  and  d i sp laced .  Mu ch  o f  
the  -ands tone  in  the  tunne l  i s  b l eached  near ly  wh i t e  by  remova l  o f  the  
i r on  o r i g i na l l y  presen t  in  i t -  cons t i tuen t - .  

An  upraise of Sn feet from the breast of the tunnel gives access to the 
Zona K. level, which is run beneath the main "contact" and connects 
with the Sheridan and Logan workings, and formerly connected with 
the Princeton and C. H. (A mine-. The rocks exposed on this level are 
hnc-gruinod. nearly white, nonealciireou- sandstones ami compact lime
stones. These are much tissured and faulted, hut somewhat less dis
turbedthan the rocks in the Mountain Spring; tunnel. Little regu
larity can be recognized in these fissures. They arc small irregular 
fractures, containing soft clay gouge, but 110 quartz. The general dip 
of the beds is from 10- to 30-, in a direction a little east of south. 

Above the level, resting sometimes on a fine-grained, nearly white, 
micaceous sandstone and sometimes on limestone, is the " contact." 
composed chiefly of loosely- cohering limonite and yellow clay up to 
f> feet in thickness. It dips generally to the southwest, but is roll
ing and uneven, as well as variable in thickness. It is overlain hv 
sandstone. 

In the northeastern part of the workings the "contact" has risen, 
so that it lies just above the Sheridan level (really in ground belong
ing to the Logan group), which is 80 feet above the Zona K. level. 
It is here evidently a piane of faulting, being filled with fragments of 
sandstone, yellow and gray clay, and limonite. It is also traversed 
by seams of very tenacious soft gouge. This brecciated material 
passes with no sharp division into the overlying fractured sundstone, 
called by the miners "porphyry." or the "mineral roof." The thick
ness of the blanket zone ("contact") varies in this portion of the 
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work ing -  I  m m  I I"  1  !n -  n i l - .  »  in  n  | ' i '— ' - i i ! .  u~ i : : i ! i \  r  ~  
t in -  | I I \ M - I -  [ i t>r i i<> i i  i n .  t in -  inrn i  " I  : i rg i -n l i l emu-  <>x ide  :n i< i  I - I I I '  -  I I :  
< j |  l i * !n l .  None .  however .  w  : t  —  - • • • • I I  ; i l  t in -  I  i nn -  i ' t  v i s i t .  

At tin- northeast breast of tin- uuiin Sheridan level tin' blanket /• uic 
lit-- -j:< !'.•••[ ;iIn»\-«• tin- ilrit't." It turn- upward near tlii- point. i.owai.i 
tin- southeast. followingII very -month hut undulating slip plain-. 1 in-
general strike of tlii- plain- i- nortln-a-t ami southwest. I In-a\ 
dip i- about 4."> to tin- iiortii \V'-l .  Tin- blanket zniH'. where ii toliow-
tlii- li-surc. lit-- between two seam- of clay gouge.ami contain.- a little 
partly oxidized galena ore. 

At  a  ver t i ca l  d i - ta in  e  o f  go  l e e i  abeve  the  Sher idan  l eve l  l i e s  a  por 
t i on  o f  the  Logan  l eve l .  Th i s  former ly  e onnee te d  w i th  th e  l . ogan  
tunne l  and  sha f t ,  hu t  i -  no w reaehed  t h rou gh  the  \ \  c l l ing ton  w ork 
ing - .  I t  l i e s  jus t  nor th  o f  the  l a t t er .  

1 ' o r t i o i i s  o f  t l i i -  l eve l  are  run  i n  t i n -  ma i n  "contac t ."  here  ahou i  I n n  

f e e t  h i i rher  than  wh e n -  l i r s t  de - e r i he d .  ahove  th e  Mounta in  Spr ing  
I  l i nne t .  Th i s  d i f f erence  i -  par t ly  dm-  to  a  genera l  sou ther ly  d ip .  h u t  
i -  - a id  h \  tho s e  who  worked  i i i  th e  • . i .  1  - t o pe - ,  now eaved  in .  t o  he  i i i  
p ar t  d i n -  t o  succes s ive  - t e p  fau l t -  o f  -ma l l  ind iv  idua l  th row.  L a r g e  

bod ie s  o f  pvr i t e  o ccur  i l l  t i n -  *  *  e o |  11  a c t  o i l  th e  Logan  l eve l ,  and  i t  i s  
w i thout  d ou b t  f ro m t in -  ox ida t ion  n f  s imi lar  bod i e s  tha t  there  ha -
l e -u l t ed  the  cru mb l in g -  l imon i t e  « o  abundant  in  o ther  por t ions  o f  th e  
"co nta c t ."  

A crosscut to the northeast, near the old Logan shaft, cuts throue-it 
la feet of loose crumbling pyrife into what is known a- "the hie- ii-. 
sure." This is an enormous huh- of crushed ipiartz and pyrilc. which 
will be more fully noticed in the newer Logan workings and in the 
Pigeon mine. 

Owing to the lack of surface exposures and the groat disturbance of 
the entire hill, it is difficult to determine the exact horizon of the sand
stones. shales, and limestones met with in the Wellington mine. The 
difficulty is increased by the very prevalent bleaching and alteration 
of the sandstones, so that they resemble no beds found elsewhere in 
the region. It is believed, however, that they belong to the upper 
division of the Hermosa. 

PRINCETON MINK 

These workings lie about 7w feet south of the Mountain Spring 
tunnel, and were formerly connected underground with those of the 
Wellington group. The Princeton ore occurred in a blanket, said to 
be continuous with that of the Wellington group. It was worked 
through an adit tunnel which enters the hill at an elevation of about 
9,600 feet, and runs N. 61° E. for about 4*»> feet. 

None of the old Princeton workings are now accessible. The land
slide in which they lie is still creeping -lowly down the slope, so that 
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t i m b e r -  m c j i i i i i l l x '  i n  a n  i i | i r i < _ r l i l  | H > - i I i « m u i v  - m m  t h r o w n  m i l  o f  

plumb. Tin- i-lb-cl • •! tlii- Iimvi'tiu'lil i- ~| iil\ ».l..« kinm :il»:m«it 
d r i l l - .  i -  - i m x x i i  i n  PI. X L .  f r o m  . 1  |  •  - L :  ' " : i  1  ' i ;  l a i o - n  ' \ x  < \ \ ,  

T o x x i - r .  i n  I - ' . ' - .  I I I - I I I  l i i ' -  i  - 1 1 '  1  '  i !  t i n  n i i i i i ;  t  u  n  i  n - I .  l l  i l l u - t r a t c -  x x e l l  

t i n -  t l i t l i i - u l l  i i -  a t t e n d  i n ; . '  t i n -  - I  t i d y  o f  n I a : t n < i « • ! » « • •  I  x x u r k i n ; : -  i n  t i n -  l x i e o  

r e g i o n .  T i i i -  [ i i i i i n - I .  m i l l  a  l o n g  i r r e g u l a r  d r i l l  t i n -  *  ' r e b e c  - h a l t  i n  

tin- -iiiitln-it-t rurin-r <»t' tin- mini-, ha- -hue been ri-n|n-m-il by lease r.-

w l i u .  i n  l ! " " ' .  w i - i - i -  t : t k i 1 1 m  n u t  a  l i i ' t l e  o r e  e n h l a i i i i i i g  4 < '  I < »  o "  o i m e e -

o f  s i l v e r  a n d  c o i i - i d e r a h l c  l i - a d  f r o m  t i n -  ( r r b e e  g r o u n d .  

T l i i -  o n -  i M ' i ' i i i ' —  i n  a  b l a n k e t  s a i d  t o  i n -  i - o n t i n u n i i -  w i t h  t h a t  f o r -

i n i ' i ' l v  w o r k i - d  i n  t i n -  P r i n r r l o n .  N i - a r  t i n -  (  r e  I  i c e  - h a f t  t i n -  b l a n k e t ,  

o r  c o n t a c t  "  a -  i t  i -  c a l l e d .  i -  a b o u t  f i - i - t  f r o m  t i n -  t i m i n - l  l e v e l .  b u t  

e u n i i -  d o w n  i n  t i n  l a t t e r  i n - a r  i t -  m o n t h .  T i n -  d i p .  w h i l e  g e n e r a l l y  

- i n i t h w r - i .  i -  \ - 1 - r \  M i r i a b h -  a n d  t i n -  m a —  i -  m i n u t e l y  f a i t l t i - d  b y  

m m i i - r o i i -  - m a l l  f r a c t u i v - .  T i n -  b l a n k i - t  r e s t -  o n  h a r d .  t i n e - g r a i n e d  

. - h a t t i - n - i l  - i i i n i - l o m -  w i t h o u t  a n y  v e r y  - h a r p  l i i u -  o f  - c p u r u t i o n  b e t w e e n  

t i n -  t w . n .  Tin- - a  i n  i - t  i  m i  -  i  -  b u f f  i n  c o l o r  a n d  n o i i c u h - a r e o u . - .  T h e  

1 1 1 i n i * t x  g r a i n -  a n -  l a - I d  1 1 i m i - t h i - r  h v  a n  i t f i i 1 1 i t i a 1 1 1  n i - l n - r o i i -  i - i ' i m - n t  o l  

u i i ' - n r l a i n  i - i i a l : u  l i - r  a n d  p r o b a b l v  o f  - f r o n d a r v  o r i g i n .  I  h i -  b l a n k i - t  

i -  n v i - r i a i i i  l i x  g r a v  - h a h - - ,  n f t i - n  i n u i - h  - b a t t e r e d .  

I In- 11 in 11 - n in I i-i H  11 pi >- i 11 m tin- I > 1: 111 k i -1 varii— finin plan- to plan-. It 
-iHIn-t imi-— eon-i-l- ul a i-i-l 111litr or loo-i-lx cohering ma— ot limonilc 
4 fi-i-i in 111ii-kin—. containing fragment- of -and-tone and limestone. 
'I'IM'- I-mi- i-\ idi-ntlx- in jiart it--ii Inn I  nut—< —: tin- liiin--toin- especially 
being ~nr-r-i>tiitdi-iI lix' -oft -hell- of ih-i-iunpii-ition or alteration. In 
otln-r portion- of the workings the lower one. to :i leet ot the blanket, 
eon-i-t- of yellow, clayey material, near the top of which i- a streak of 
a f'-xx iin-he- of -oft. oeheron- ore containing a eon-iderabh- amount 
of -iivei. Above this there i- usually about - iiu-he- of soft, gray 
handed ore. commonly referred to a- •'eurbonate ore." This, how
ever. is a iiii-nomer. as it contain- no appreciable ipiantily of carbon
ate-. It i- in considerable part impure, pulverulent lead sulphate. 
Nunc <>f tin- band.- are composed of a -noxx x-xvhite substance, locally 
called ••tale." which crumble- between tin- tineer- to a fine harsh 
powder. A rough chemical examination of thi- material by Dr. 
Hillebrand show- it to contain about SK per cent of silica, over 5 per 
cent of water, and about !' per cent of lead sulphate. Under the 
micro-cope the powder 1- apparently amorphous. The silica is prob
ably in the opaline form. In composition and physical properties it 
clo-ely resembles tripolite or infusorial earth. Hut it -hows no truce 
of organic structure, and is undoubtedly a product of chemical alter
ation connected with ore deposition. 

Large lenticular bodies of iron pyrite occur at several horizons in 
the sandstone- and shules above the blanket. Some of them are 
separated from the latter only by a few inches of crushed -hale. But 
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oiii' of tli.' largest masses occur*almut feet above the main blanket. 
An upraise in thi* mas* shows ir to lie mvr 40 feet thick, although 
pn».*ibly divided into two or more lenses by laver*of shale which were 
not visible in the titnhered upraise. It rest* on sandstone and i> over
lain Iiy soft gray shales impregnated by pvrite. According to Mr. 
(i lad lord >mitli. who sank the (.'rebec shaf t, three tint bodies ot' pvrite 
aggregating over .">0 tvet in thickness and -ejiarated hv shales were 
passed through. The depth of the shaft is gti.". feet. The pvrite. 
which is nearly pure, occurs in loose, sandv form or in solid masses. 
It i* of too low grade to work with the present facilities. 

C. U. f . MINK. 

Ih i*  w as  one  o |  the  i i r > t  mines  worked  on  ( ' .  1 1 .  ( ' .  I l i l l .  and  pro 
duced considerable ore. 1 lie workings, which Mere relativelv exten
s iv e .  are  now a ba ndo ned  an d  so  l i t t l e  acce s s ib l e  tha t  no  descr ip t ion  o f  
the  mi ne  i«  pos s ib l e .  T he  f i r s t  work ings  were  reached  through  a  sha f t ,  
su n k  a bo ut  ' . t oo  l e e t  no r th  o t  the  Pr ince ton  tunne l ,  a t  an  a l t i tude  o f  
; i . soo  l e e t .  I  l i e  (  .  I I .  (  .  tu nne l  Mas  subse que nt Iv  run  in  about  | oo  
feet lower down the hill, and much work iva> the Limestone 
tunnel, a  b o  1 1 1  4 " i i  feet north of the Mountain Spring tunnel. 

The ore occurred in a blanket, probably identical with that worked 
in the \\ ellingtnu and .Princeton mines. 

I . O O A N  M I N K .  

I his lie- uumcdiutcL north of the Wellington group. The tirst 
mining- was done through the Logan shaft, sunk tit an elevation of 
u.boo leet. in a little ravine which appears to mark on the surface the 
location of the Blackhawk fault, familiarly known on ('. II. C. Hill ' 
as the "big fissure." A second shaft was sunk about L'IMI feet lower 
down this ravine. Both are now abandoned, and the present adit is a 
tunnel, also in the ravine, entering at an elevation of ' i.ti-iu feet, a little 
ubove^the Pie-eon mine. 

The accessible portions of the older workings. lying southeast of 
the Logan shaft, have been already described in connection with the. 
\\ ellington mine, through which they are at present reached. 

The Logan tunnel follows a General southeasterly course, connecting 
with the Li iwan No. 2 shaft, and continuing to wart 1 the Logan shaft! 
Tilts course keeps it on the southwest side and nearly parallel to the 

•so-called "big fissure." which is reached by some northeast crosscuts.' 
One of these crosscuts about 100 feet southeast of the. Logan No. 2 shaft 
shows that the "big fissure," which will be referred to as the Pigeon 
vein, on account of its prominence in the mine of that name, is a large 
quartz vein. 12 feet wide, consisting of white quartz and masses of 
crumbling pvrite. It is much broken up. and mingled with gouge and 
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f r a g m e n t s  < > t '  c o u n t r y  r o c k .  T i i c  v e i n  d i p -  n o r t h e a s t .  a p p a r e n t i \  a t  

f r o m  4 " '  t o  .  T h e  h a n g i n g  u : l "  «  o i » - i - I - o l  d a r k .  m u c h  b r o k e n .  a m i  

jwrt lv  d e c o m p o s e d  s h a l l 1 .  T i i a t  t l . i -  l i - u r . 1  i -  a  f a u l t  o f  c o n s i d e r a b l e  

t h r o w  i -  i n d i c a t e d  h y  t i n -  c u l l i n g  o i l  o f  a  d i k e  o f  w h i l e  j o T p h y r y .  a s  

s h o w n  i n  t i i r -  I " ' " '  a m o u n t  a n d  d i r e c t i o n  o l  t h r o w ,  h o w e v c i .  a t e  

n o t  k n o w  n .  
T h e  o r e  i n  t h e  L o w : i n  t u n n e l  o c c u r s  i n  t w o  o r  m o r e  b l a n k e t -  l i o t w c o n  

l i e d - o f  s a n d s t o n e  a n d  l i i n e - i o n e .  ' 1  h o s e  p r e s e n t  m a n y  v a r i a t i o n s  i n  

c h a r a c t e r .  N e a r  t h e  L o g a n  N o .  g  s h a f t  t h e  m a i n  h l a n k e t  l i e -  l . e t w c e n  

s o m e w h a t  s h a l y .  a r k o - e  s a n d s n m . - s .  I t  i s  v e r y  i r r e g u l a r  i n  d i p .  h u t  

c o n f o r m s  c o u r t - a l l y  t o  t h e  b e d d i n g  o f  t h e  i n c l o s i n g  r o c k s .  I t  c o n s i s t s  

o f  l i m o n i t e .  e i t h e r  c e l l u l a r  o r  e r u u i I i l i n g .  w i t h  m u c h  s o t t .  n e a r l y  w h i t e  

m a t e r i a l ,  w h i c h  p a s s e s  w i t h  n o  

- h a r p  l u - e a k  i n t o  t i r m  s a n d s t o n e ,  

o f  w h i c h  i t  i -  p l a i n l y  a n  a l t e r e d  

f o r m .  T i n -  s a n d s t o n e ,  w h i c h  i n  

s u r f a c e  e x p o s u r e s  i s  u s u a l K  g r e e n 

i s h  i n  c o l o r ,  i s  n e a r l y  w h i t e  i n  t i n -

v i e i n i t  V  o f  t  l i e  o r e  h o l l i e s ,  a l l  l l " l l g l i  

i r r e g u l a r l y  s t r e a k e d  w i t h  i r o n  

o x i d e .  I  n d r r  t h e  m i c r o s c o p e  i t  

i s  s e e n  t o  h e  c o m p o s e d  c h l e | | \  o t  

•  I ' U a r t / .  a n d  s e r i r i t c .  T h e  > e r i c i t e .  

i n  m i n u t e l y  c r y s t a l l i n e  a ^ ' i 1 ' -

• j a t c . s ,  a c t s  p a r t l y  a s  a  m a t r i x  f o r  

t h e  i p i a r t z  < r r a i n - ,  a n d  o c c u r s  a l s o  

i n  p a t c h e s ,  p r o b a b l y  r e p r e s e n t i n g  

a l t e r e d  f r a g m e n t s  o f  f e l d s p a r s .  

Sonic larger scales of white mica 
are visible with the unaided eye. 
Chemical' .analyses of this sand
s tone, and its alteration product are  given on page gst. and the nature 
of  the  change which they indicate  i s  there  di s cus s ed .  

Nearer to the Logan shaft the hlanket. here trom it to 4 Icet thick, 
rests 011 limestone and is overlain ,hy sandstone. 'I lie upper part of 
the blanket is derived from the. overlying sandstone through the altera
tion just noted. The lower portion (a little loss than one-half of the 
whole) ischicflv an ocherous or limonitic mass, which falls to a powder 
when dry. and is evidently in part formed at the expense of the lime
stone. It is roughly laminated and is concentric with the irregular 
upper surface of the underlying limestone. Between the ferruginous 
material and the limestone is a shell of soft, white material, which 
adheres to the limestone and constitutes a mist of alteration. This 
crust is minutely fissured, and the cracks are tilled with a soft. Uaek 
powder, proliably inaiigaiiiferous. The white crust adhering to the 

j -  * ,p  — I ' l agram HhMTii t i i c :  i t iu l t t ' ig  : t  |M H .  

| . i  I  \  r  v  l » V  l i t e  I ' l L ' e o l l  I « H | I -  l i - s t J V - -  M l  

C l i n t  .  
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limestone i- chiefly gypsum. as shown i>y <-iit-i111• -;i 1 tests. t'iosclv 
a-sociatcd with this crn-t i- another white substance. not at tir<t dis
tinguished from tlu* compact white gypsum. This material proves to 
In- lialloysiie. Tiie lialloysite i- intimatoh associated w itii tin- fer
ruginous material aliove it. ami i« full of little specks ami nests of soft, 
black oxitle ot manganese. I'lie relations of these various materials 
are tliay raiiimalicallv sliou n in rig. 71. Tin- liinouite material, espe
cially near ilie Pigeon vein, i- soinei inns rich enough to work. Some 
wa- said to contain up to •"> ounces o| «jold ami Mo ounces of silver per 
ton. 

r h..  Tl —liiuirninimntic section thromrh n porri"" of Hi. t i tk• i z.m. . .  mine. 

i> tie- same as that worked in tin* \\ ellinoton. ( . II. t. and Princeton 
mint s. Puit it is certain that other similar, lutt less extensive zones 
occur in the Logan mine, hoth above and below the main one. Thev 
do not necessarily contain any workable ore. Nearlv flat blankets of 
pyritc arc frnpiently met with on the southwest side of the Pigeon 
vein, extending front the latter out into the bedding planes. This 
pyritc is of too low grade to work. At a varying distance from the 
Pigeon vein, it usually passes into the limonite material already 
described, which is sometimes valuable as ore. 

PIGEON MINK. 

This mine, the most northerly of the important workings on C. H. C. 
Hill, lies northwest of and about 100 feet below the Logan tunnel. It 
was formerly worked through three tunnels and two shafts. The 
original Pigeon shaft, at an altitude of about 0.850 feet, lies about 
600 feet west of the Logan shaft. 

The lowest workings of the Pigeon consist of the Blaine and Locran 
tunnel, run at an elevation of about 9.300 feet. This penetrates sand
stones and shales, which show far less disturbance than is usually found 
in C. H. C. Hill, and may possibly be in place. No ore has been ship
ped ft out this tunnel, although a little replacement ore in limestone 
was found at the bottom of a winze. 9<> feet below the tunnel. 
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One  branch  o f  t h i s  l ower  l n n n .  t  . i l l -  1  nr .mgI '  1  P igeon  •  " ' n - l .  
show -  a  wid th  <>f  4"  f e e t .  I t  i -  eomp.—d -cv era l  s t r inger -  . . I  
ba rren  u l . i t -  qua r t / . ,  s epara t ed  by  s h ee t -  "I  country  mk .  the  who le  
)> .  i i i "  - ru - l—d and  d i s turbed .  T l -  v - in  - t r i k -  about  N .  M .  and  
d ip .  no r thea s t  a t  .  T l -  foo t  w a l l  i . -  s l i j . rh t_ ly s l . t t l v  s ands tone ,  
d — oi iqx» -d  I - -  a  so f t ,  g ray  mas -  f or  a  w i . l t l i  o f  too t .  

Mo- t  o f  t l -  P igeon  or -  has  - o n . . - f ro m t l -  u p p er  tunne l s ,  ahout  
I ' oo  f— t  ahov -  the  B la ine :  and  L"gan  tunn-1 .  I t  o ccu rs  in  a  Idankot ,  
w h ic h ,  a l though  e nc ounte r e d  a t  a  l ow-r  1 -v - l  t han  tha t  o f  the  I jogan  
mi l - . 'may  v- ' t  h -  iden t i ca l  w i th  t h -  l a t i - r .  I f  s o .  i t  ow es  i t s  l ower  
pos i t i on  t o  fau l t in g  co n n ee ' ed  w i t h  l and- l id -  movement .  M -  b lanke t  
i -  o f t— I I  ' •  f - e t  and  somet imes  a s  much  a -  l i '  l - e t .  I t  var i e s  grea th  
in  charac ter .  In  p lace s  i t  i s  a  b r - rc ia  o f  l imes ton e  and  sh a l e ,  th e  
f . . nn -r  b i - in - -  s i l ' - i t i ed  an d  im pregnated  w i th  pyr i t e .  I t  f r equent ly  
r , .n t a in . -  l en t i cu lar  masse s  and  s t reaks  o f  - rum bl i ng  i ron  py r i t e .  o r  
bod i i -o f  more  or  I— o-heron- .  l imon i i—  or e .  S o met ime- th ere  sue  
s t reak-  o f  - o f t .  banded  mat - r ia l  r— mMing  t ha t  de scr ibed  in  the  
] ' i  i n i  e io i i  m ine ,  an i l  s omet imes  ma—-  o t  wh i t e  pu lver i zed  quar tz  

q u ar tz ) .  The  b lanke t  i s  u sua l l y  unde r la in  by  f ine -gra ined  
. - and- to i i e  o r  sha l e .  I t  i s  apparent ly  over la in  by  sands tone ,  a l though  
th -  roo f  i -  no t  w e l l  exposed .  The  b lanke t  - ' - i—ra l ly  d i j . s  g e n t ly  t o  the  
^o i11hw — - t .  bu t  s ho w s  many  i r r e gu l ar i t i e s .  A t  one  po in t  i t  w as  l ound  
to  turn  u p  t o w a rd  the  no r th  a t  an  ang l e  o t  .V .  l o r  about  2"  t ee t  a nd  
t h e n  t o  r e s ume  i t -  u s ua l  ge n t l e  d ip .  

The entire blanket shows evidence of much movement, and the 
in-losing rocks arc broken and decomposed. Much Work has licen 
done oifthis ore zone, but apparently without very-rent success, us 
ttu-t of it contains only low-grade pyritc. 

A-  in the Logan mine, ore is not -onlined to a single horizon. In 
what i- known a- the middle turn—1. a lode striking >i. 4a-'M . is drifted 
on for some distance. It is probably the Pigeon lode, but is greatly 
broken and decomposed and not well exposed. Some ore. occurred in 
tl— 1—ddiiig planes on the southwest side of this tissure, and carried S 
or 1" ounces of silver and 18 per rent of lead. These were mere local 
lense- of oxidized ore which did not extend far from the main tissure. 
A specimen of some of the so-called "carbonate ore. a yellowoeherous 
powder, proved upon analysis to be chiefly jarositc, a hydrous sulphate 
of iron and potassium (see p. 289). 

LTI.Y D. MINK. 

This is situated on the southwestern slope of C. H. C. Hill, the main 
adit being a tunnel at 9,lf>0 feet in elevation. This tunnel runs K. 85° 
F.. for 220 feet and then connects, through a raise of 80 feet, with some 
irregular workings exploiting two blankets. These zones, which are 
about 8 feet apart, have been faulted by a vein striking S. 80° E. and 
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dipping N. . The fissure i- tilled with crushed rock. quartz. and 
"'otiei'. ami rarrii'» no ore. Normal faulting' to tin- extent of l'J feet 
throw. li:i— taken place alone' this ti-sure. but whether lie fore or after 
the depositimi of the blanket ore. i> not known. 

Tin- blanket eontai'tis masses of solid pyrite. cellular quartz. limonite: 
ami streak- <• l" |iartly oxidized sphaleriteand galena ore. The lower 
bliinket ie-i- un ,-andstone and is overlain by shsile. At one plaee. 
however, m ar the fault fissure, it dips southward at an angle of Mb 
and euts arm-s some of the bedding planes. The upper blanket lies 
in a lii'-. i-iated zone in shah-. 

'I lie ore i-untaiiis about go )>er rent of sphalerite ami is diflieult to 
treat on that amount. 

A- i« u-ually the ease on (J. II. C. IIill. all the roeksiu the workings 
are miieii broken. Their general dip is southerly at ulxnit lo-. 

I K O N  O l A N T  M I N K .  

Thi- i -a prospect iyititr north of the Lily I >. and about bo feet liighrr 
up tie- hill. It eonsisis ol a tunnel about boo lent in length. running 
N. Kb I'. ,  ami rutting through shales ami line-grained. reddish, sandy 
limestone. 1 hese strata, which dip southwest at a she-lit angle. are 
all more or less shattered, in the usual manner. Two or more so-railed 
"eontaets — i.  i - . .  zones of soft, crushed material, sometimes containing 
pyrite. are nit in the tunnel. These zones conform to the bedding, 
but do not preserve their continuity far. bring cut off by fractures 
tilled with gouge or crushed rock. 

1 h e  chief interest of this prospect is derived from the fact that after 
euttine- through nearly boo feet of the usual disturbed rock of C. II. C. 
Ilill. the tunnel lias come into a mass of old surfieial gravels, tiiiO feet 
vertically below the surface, proving i-om-lusivolv (were anv such 
proof tied) the landslide character of the material covering C. II. 
Hill. I iiesc gravels consist of partially roumled gravel and sand. 
Some bowlders occur up to 3i»t> pounds in weight. and those a foot in 
diameter are Mot uncommon. Most of the material, however, is finer. 
The small pebbles arc usually well rounded, while the larger ones are 
subangulai. The most abundant pebbles are those composed of fine
grained red sandstone: others are of gray sandstone, monzonite. or 
dioritc-porphyry, white qunrtzosc porphyry, shale, white limestone, 
and quartz. One pebble of galena was found. All of the material is 
oxidized, and the resulting yellow color is in marked contrast to that 
of the dark breceiutcd shales, which overlie the gravels, and contain a 
few little streaks of ore. The gravel is such as might be expected to 
accumulate in a steep side gulch rather than in un important stream. 

Above the Iron Giant, and belonging to the same group (M. M. P. 
group) is the old M. M. P. tunnel, now caved in and abandoned. It is 
said to have produced some ore from a '"contact,''and to have opened 
up some large masses of pyrite. 
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MISCELLANEOUS PROSPECTS.  

UKNKUAL.  

I 'nder  t in -  ) ' in  1  i I I< J  HI '  "  M i sce l l aneous  pro -ped-  w i l l  i > e  de scr ibed  .  
a  f ew  vorkme-  wi i i t ' l l  ca n  s carce ly  l i e  c l a—e d  a -  produc t ivc  mine . - .  an i l  
v e t  wh ich  o i l e r  Mt i i t e  po i n t -  n t  i n t e r e s t  in  a  yenera l  t r ea tment  n t  t l i e  
r ee ion .  In  a i i i l i t inn  t« •  the se .  however .  t l i e re  S t i l l  r e m ai n  num erous  
prospec t s  ami  aband oned  wnrk imr . - .  de ta i l ed  ac c ou n t -  o l  w h ich  wou ld  
po—c— no  cc in -ra l  va lue .  and  arc .  the r e for e ,  omi t t ed .  

ATLANTIC CAULK MINI..  

Tin- i -  an  " id  prospec t  s i t ua ted  on  the  no r l hcrn  cdyc  o l  l i i e o .  i n  
l>e \o n ia n  l ino  — i<n ic .  Wi th  i t  ma y  na tur a l l y  In -  . | o - er ihod  the  S i i i i in -
e l c r .  Shamrock ,  a n d  l l i ver - idc  c la im- ,  o n  th e  wes t  - id c  o |  the  r iver .  
A -  t in -  o re  on  t h e se  c la im. -  ou tcropped  p la in ly  i n  th e  Lank-"I  th e  
I  >o lore -  h ' i ve t  and  o f  S i l ve r  (  r eck ,  t ln -v  wen -  an ion"  th e  ear l i e s t  
in  the  i l i - t r i r t  t o  l»e  exp lo i t ed .  Hut  the  ore  pro v ed  o l  - u ch  l ow  yradc  
an d  - o  i i i e e u lar  in  i l -  oc currence  tha t  work  wa-  abandoned ,  a l t er  
u ns ucces s fu l  a t t empt -  t o  concentra te  th e  ore  im  eaha ia .  In  luoo  the  
A t l a n t i c  (  a b l e  c l a i m  w a s  b e i n e  p r o - p e e l e d  b \  - h a l l o w  - h a l t - ,  w i t h  a  
v i ew  to  t i i e  ex t rac t ion  o f  z inc  or e .  

The ore eim.-ists chiefly of sphalerite, chalcopyrile, pyrile.and a little 
ealena. in a dark-yrcen. compact yany'iie con-i-line hiry'rlv of chlorite. 
"With tlie chlorite, however, i- u-uallv u.—ociatcil more or le— erypto-
crvstailine chert v material, in knots or bunche-. nest-of wollastonile 
and jfarnet. and veinlet- ol epidote. Near the I >o|ol'c- Uiver. and 
particularly on the Snuieirler and Shamrock claim-, tin" ore chanoes 
to ina.—e- of speculurito and chlorite. The limestone, which consti
tutes the country rock of the ore. ha- a curiou-. blotchy appearance, 
briefly referred to by (TOSS anil Spencer1 a- due to uiciamurphisiu. 
When a surface of tlii- limestone i- examined, patche- of white crys
talline limestone and areas of chert and of dark-•."Teen chlorite are seen 
to be so disposed a- to stronyiv sujwest a breccia structure, the origi
nal sharpness of wliich has been somewhat obscured by later mctumor-
pbism. Iti- believed that the hypothesis tint- -ueoe-ted best explains 
this peculiar spotted apjiearance. The limestone, originally impure, 
and situated in the heart of the Rico uplift, wa- bivrriated. llm l.rec-
ciatiou apparently involving some layers of shale w hich are exposed 
in less disturbed condition in the bottom of what i- known a- the (ins 
shaft, on the dob Cooper claim, which adjoin- the Atlantic Cable on 
the east. After breceiation. the limestone was metamorphosed, pos
sibly as Cross and Spencer" sujojest. by the intrusion of the mon/.onite 
between Aztec Gulch and Iron Draw. As a result of this mctitinor-
phism, the fragments of limestone recrystallized as pure white marble. 
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in  - nun-  ' i t - '  — - |> : l l : i t< :  l l  u ln  cher t  v  f I ' l l L M H I •  I I I  ~  ' » \  I" i - : i «* l  i i>11  r i t i l -  o f  
i -p ido tc .  u iann- t .  ami  «n l l a - ton i t i - .  t in -  -h u l l -  wa -  i - i i l ur i i i z i - i i ,  ami  more  
, , r  | i . »  ' j ur i i f t .  \ \  i > l ln - l o i i i t c .  ch lo r i t e .  am!  < • [» i •  i< > t •  •  wen -  deve loped  in  
bum- l i e -  : t M <i  —!  i i - : t i - ~  I  i 1 1 '<» l i ; j * !n>nI  t l i t *  m :r— .  I l  i -  im |««1  »1«-  t o  d i .— 
t imju i s l i  l i i - n -  I M •  iw  i*1  •  1 1  t l i i -  me ta mni -ph i sm am i  t In - ore - depos i t i on .  Tho  
;  w•  > j i i i n  i—•— w en!  n i l  t og e ther .  a -  sho wn  by  t in*  c l o se  a s soc ia t i on  o f  
t I n -  -p i i a l er i i r .  - | »* i -n l : t r i i f .  r ha l c opyr i to .  ga l ena .  and  pyr i to .  w i t h  tho  
ch lor i t e .  and  t in -  f r equent  hunchv  or  knot - l i ke  occurrence  o f  those  
O i l - .  

A l t ho ug h  - •  » i  i  n  •  o |  ( in -on -  ma sse s  have  a  th i ekne—of  J ."  l oo t ,  a nd  
conta in  oxoo l l on l  z i nc  i>ro  (up  to  ."o  per  oon l  o f  z ine i .  t l i o i r  e rra t i c  
o i -o i i r ron i -o  ha -  - •>  f ar  l i a t l l od  a t t empt -  a t  - \ - t i - i i i a t i< -  oxp lo i ta t i on .  
T ln -v  - i . n i i - t im . -  ex t en d  i rrogu lar lv  in to  t i n -  w l i i t o  l im es tone .  dv ing  
out  i n  smal l  - t r i i i ger -  and  In ino l i o s .  In  o thor  d i rec t i o ns  they  gr ade  
i n i o  ma- - ' -  o f  -po i - idar i i o  and  o i i l or i to  or  s top  ahr upt h  a t  some  f rao -
tnro  p la in  '  i  n i t  am i n o  a  - l i gh t  - cam  o f  gouge .  N o  par t  i on  l a  r  r egu lar i tv  
o i  t r e nd  i -  not  i i - oaMo in  t l i o so  f rac ture - .  nor  i -  i t  c e r ta in  tha t  l ln -v  are  
to  am o x to nt  l a n l l  l i - -uro - .  They  appoar  ra l ln - r  t o  In -  f rac ture -  t ha t  
or ig ina l l y  par t ly  con tro l l ed  tho  i l l - po s i t i o n  o f  re .  

" l i a > N  IH I I . I . A I ;  A N I i  K l t i U T Y - K l i . l l T  M I N K - .  

Tin-  I ron  I ) o | l a r  -ha f t  i -  sunk  in  t i n -  bed  o f  S i l ver  Crook ,  a l i o n t  ha l f  
a  in i l o  f rom tho  mouth  o f  th i s  s t ream.  Tho  wor k in gs  ar o  ahandonod  
an d  fu l l  o f  wator .  T in -  du m p  s hows  ip ian t i t i o s  o f  pyr i to .  s p ecu l ar i t e .  
and  quar t / . ,  w i th  some  cha loopyr i t e .  Ch lo i - i t o .  o p ido to .  and  oa l c i to  aro  
a l - o  abundant ,  ind i ca t ing  tha t  tho  de pos i t  i s  mine ta log i r a l l y  s i tn i l ar  t o  
tha t  o f  t in -  A t lan t i c  Cutde .  The  E ighty -E ight  sha f t ,  about  l f><>  f oo t  
n or t h  o f  t ho  I ron  Do l lar .  shows  a  dump o f  s imi lar  ohar uotor .  

About lad foot west of the Iron Pollar shaft a tunnel about ±>"> feet 
in length has I icon run into the hill in a direction X. M<» ~ E. This 
tunnel outs a lode, which is probably the one formerly worked in the 
now inaccessible Eighty-Eight shaft. The lode strikes N. So " W. 
and dips X". at S."> . It is rather irregular and in places consists of 
several stringers of nearly barren quartz in Lower Ilortnosa shales. 
Tho latter, for a distance of 4 or 5 feet on each side of the lode, are 
much altered, and locally transformed to a mass of specularite, pyrite, 
chlorite, and other minerals, in the mineralogieal association so charac
teristic of the Atlantic Cable group of claims. In this case, however, 
the metauiorphism occurs in Lower Hcrmosa shales, the underlying 
Ouray limestone being not exposed, and it is plainly connected with 
lode fissures. This connection, and the general east-west trend of 
the lode, suggests that the latter or some generally parallel fissures may 
have been instrumental in effecting the ore deposition of the Atlantic 
Cable. The occurrence is particularly interesting in showing that the 
specularite and chlorite may form hv metasomatic replacement of the 
shales alongside of a lode fissure. 
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ABSTRACT 

The current treatment method for treating the drainage from the St. Louis adit near 

Rico, Colorado involves lime neutralization and gravity sedimentation of the resulting 

precipitates in a series of ponds prior to discharge into the Dolores River. The purpose of 

this studv was to evaluate the effectiveness of this conventional treatment process, 

examine the long-term fate of metals in the drainage and ponds, and propose alternative 

treatment technologies. Results from this study indicate a 40% loss of water throughout 

the pond svstem due to possible seeps and ground water infiltration, and only marginal 

success regarding the removal of the CPDES permitted metals (Cd, Cu. Pb. Ag. and Zn) 

Both zinc and cadmium exceed the 30-dav average permit limitations of 0.237 mg/L and 

0 0004 mg/L. respectively An analysis of the water and sediment in the ponds indicates 

that 98% of the suspended solids in the treated drainage settles in the upper ponds closest 

to the mine, and that the settled solids are primarily iron and calcium. Furthermore, the 

upper ponds are at 75% of their capacity due to the buildup of sediment resulting in 

channelized flow This has caused a 74% reduction in the residence time in the upper 

ponds needed to facilitate sedimentation, and a spillover of solids into the lower ponds. 

To bring the CPDES permitted metals back into compliance, dredging of the upper ponds 

has been recommended as a short-term extension to the lifetime of the current treatment 

process while alternative remediation technologies are evaluated. Proposed alternatives 

include lime neutralization with sludge recycle, biogenic H2S sulfide precipitation using 

municipal sewage sludge as an electron donor, and constructed wetlands. 
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Chapter 1 

INTRODUCTION 

The problems faced by mining and mineral processing companies pertaining to 

mine drainage, soils and groundwater contamination, and water treatment has become a 

serious environmental concern. Drainage associated with metal mines usually contains 

elevated concentrations of metals which can pose dangers to downstream human and 

aquatic communities. The most common method employed to treat mine drainage is 

chemical neutralization and precipitation using lime. While sometimes effective, this 

conventional pump-and-treat method is often costly and inefficient. In addition to 

producing large volumes of unstable metal hydroxide sludges which mav be labeled 

hazardous and therefore expensive to dispose of, the long term commitment associated 

with treating drainage which could persist over hundreds of years is daunting. As a result 

of the short-comings of the lime treatment process and the increasing trend towards more 

stringent, government-imposed discharge guidelines, identification and ultimate 

application of cost-effective and efficient methods for cleaning up metal-bearing waters 

has become a priority. 

The Chemical Engineering Department at the Colorado School of Mines (CSM) 

first became involved in mine drainage remediation in January, 1995, as a member of an 

alternative remediation technology team directed by Dr. Travis L. Hudson of the Atlantic 

Richfield Company (ARCO). Dr. Hudson, Remediation Technology and Support 

Manager, assembled this group with the purpose of identifying existing or developing 

remediation technologies that could have current or future impact on ARCO's remediation 

of former Anaconda properties. The program was a collaborative effort on behalf of 



ARCO Corporate Environmental Remediation-Denver. CSM. and ARCO Exploration and 

Production Technology. 

The Colorado School of Mines* contribution to the program included technical 

support for purposes of identification and engineering evaluation of alternate water 

treatment processes that may be applicable to ARCO's mining and mineral processing 

sites These preliminary investigations provided the impetus for the evolution of this 

thesis; the evaluation of the St. Louis adit1 discharge, located in the Rico-Argentine mining 

area in Rico. Colorado. 

The work performed on this project was conducted in conjunction with a thorough 

site characterization of the town of Rico and the surrounding Rico-Argentine mining area, 

executed by .ARCO within the framework of the Colorado Voluntary Cleanup and 

Redevelopment Act. This voluntary strategy is a proactive approach that invites all 

relevant and affected parties to develop a remedial plan that is satisfactory and equitable to 

all involved. It is hoped that this strategy will help prevent costly regulatory and legal 

actions .Although considered a part of the Rico-Argentine mining area, the St. Louis adit 

discharge is regulated by the Colorado Department of Health through a Colorado 

Pollution Discharge Elimination System (CPDES) permit, which disqualifies it from the 

voluntary cleanup act. However, the essence of the voluntary concept has been applied to 

thus site as well 

1 1 Research Objectives 

The current treatment method, employed for the past twelve years to treat the 

drainage from the St. Louis adit, involves lime addition and settling of the resulting 

precipitates in a series of sedimentation ponds. This method has been only partially 

1 Adit is a term often used to describe a horizontal entrance to a mine. 



effective, and over the years, it has become exceedingly more difficult to meet permit 

requirements. In addition, it has become very evident that this is not a long-term solution 

for this site. The ponds are at or near capacity after only twelve years of operation, and 

there is no indication that the adit flow will be diminishing any time in the near future 

Hence, it is the intent of this research project to evaluate alternative treatment methods 

pertinent to the St. Louis adit drainage. To achieve this goal, the following objectives 

were established: 

1 Collect pertinent historical data relating flow rates and liming rates providing the 

tools necessary to formulate an estimate of the lifetime of the ponds, and a 

correlation between residence time and pond efficiency. 

2. Summarize current and previous work performed at the site. This should include 

a critique of the current water treatment plant, and a survey of other processes 

evaluated for the treatment of the St. Louis adit drainage. 

5. Characterize the site by performing field and laboratory analysis of the drainage 

and associated settling ponds. 

1 Investigate the application of software available for process modeling of complex 

systems using standard chemical engineering processes. 

5. Provide recommendations for further study. 
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1.2 Site Description 

The St. Louis adit and associated settling ponds are located on the eastern edge of 

Dolores County approximately 1/2 mile north of the town of Rica. Colorado, as illustrated 

in Figure 1.1. The entire site skirts the eastern bank of the Dolores river and occupies 

about 80 acres Rico, at an altitude of 8800 feet, is surrounded by the 12.000 foot peaks 

of the Rico Mountains in the San Juan National Forest. Twenty five miles to the northeast 

is the town of Telluride. and 44 miles to the southwest is the town of Cortez 

The water emanating from the St. Louis adit originates in mine workings 

aggregating several miles. This discharge is treated with quick-lime (CaO) and is 

regulated by CPDES permit No. CO-0029793, through the Colorado Department of 

Health It is understood that the flow from the adit represents generalized groundwater 

seepage and storm water run-off. According to weather observations received from the 

National Weather Service from 1961 to 1995, the mean annual precipitation and snowfall 

measured at the Rico Climatological Station /Station NO. 05-7017-2). are 29.46 and 

181.92 inches, respectively. 

The ponds are contained within man-made dikes constructed in unconsolidated 

material underlain by an alluvial aquifer and a major geothermal fault. This geothermal 

fault zone appears to be the source of artesian flows which naturally flow into the river via 

numerous hot springs located along the rivers banks (Weir et al. 1983; Pratt et al. 1969; 

Cross et al 1905) This phenomena is evidenced by the occurrence of bubbles of carbon 

dioxide and geothermal wells throughout the lower series of treatment ponds. According 

to reports from the Colorado Department of Health, the ponds were constructed with 

native material without liners or run-on/run-off controls (Schrack 1995). 

The configuration of the site in 1980 consisted of 19 settling ponds, a heap leach 

pad and sulfuric acid plant north of the ponds, and maintenance buildings north and east of 

the ponds (Figure 1.2). 
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Figure 1. 2 .  St Louis settling ponds in Rico, Colorado with approximate sampling 
locations 
Source Atlantic Richfield Company, 1980. 



However, to date, the acid plant and maintenance buildings have been demolished, 

and the heap leach pad has been remediated. Only 10 of the 19 ponds are currently being 

used for water treatment. Ponds 16, 17, and 19 have been completely back-filled. Pond 

13 is completely drained of water, but not back-filled. There is a strong suggestion of 

calcine tailings from the old acid production plant evidenced by dark, brick-red sediment. 

Pond 10 is full of water, however there is no visible connection to the rest of the system. 

Ponds 1 through 4 have been allowed to become a natural wetland and exhibit an 

abundance of plant and wildlife. The previous heap leach pad site is now a new pond, 

with a volume of approximately 625,000 cubic feet. It is currently being used as a holding 

area for dredged material (Figure 1.3). CPDES Outfall 002 currently exits to the Dolores 

River at Pond 5. In addition, a lime treatment plant has been installed at the St. Louis adit, 

. and has been treating the mine drainage since 1984. Figure 1.4 shows the location of the 

treatment plant in relation to the adit and the first settling pond (pond 18). 



Figure 1.3. New holding pond estimated to be approximately 625,000 cubic feet. The St. Louis adit drainage is located 
to the east, just outside the right hand side of the photo. 

00 



Figure 1.4. Location of the water treatment plant in relation to the adit and the first settling pond. The adit is located 
directly behind the plant, and the pond in the foreground is pond 18. 

<•0 
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1.3 Organization 

The purpose of this thesis is to identify existing or developing technologies that 

could have an impact on the remediation of the St. Louis adit drainage and associated 

settling ponds. To meet this objective, it is necessary to have an understanding of the 

nature of mine drainage and available remediation technologies. Most importantly, the 

specific characteristic of a site and any regulatory constraints must be determined before 

practical recommendations can be made. 

The organization of this thesis provides the reader with a comprehensive guide to 

the problem and resulting recommendations for the remediation of this site. The 

introduction outlines the motivation for this research and presents the location and 

description of the area. Chapter 2, the literature survey, provides the background 

necessary to understand the nature of the problem and the proposed solutions. It includes 

the histoiy of the site, a description of the chemistry of mine drainage, and the technical 

aspects of pertinent remediation technologies. Chapter 3 describes the experimental 

methods and equipment used to characterize the site. Chapter 4 provides a detailed 

discussion of the results and the treatment options proposed. Chapters 5 and 6 outline the 

conclusions of this research and the resulting recommendations, with suggestions for 

future work. 
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Chapter 2 

LITERATURE SURVEY 

2 ] Introduction 

Mine drainage is a critical problem throughout the United States Thousands of 

miies of creeks and rivers are effected, many located in Colorado. Polluted sites, a 

rerrunaer of Colorado's mining past, dot the map from the Denver area to the Western 

siope The environmental impact of these mines range from unfavorable esthetics to 

metais and sediment transport and acidic drainage Hence, it is essential to know how 

mine drainage conditions are generated, and how they can be mitigated 

The process of mine drainage treatment begins with an understanding of the source 

ana effect of water pollutants A characterization is then developed and interpreted to 

forecast treatment needs In addition, site specific characteristics and the features of 

existing ana proposed treatment systems must be considered. This knowledge will help 

provide insights into the appropriate remediation techniques which could be applied at a 

specific site This chapter is intended to provide background information on the Rico site, 

an introduction to the origin of mine drainage, and a general understanding of the possible 

treatment options available 



2.2 Site History 

The Rico-Argentine mining site began operations over 100 years ago as a silver 

producer The major goals of the now inactive mining operations consisied of precious 

metal mining, base metal production (lead, zinc, and copper) from sulfide ores, and 

sulfuric acid production from pvrite ores. The St. Louis adit drainage and associated 

settling ponds on the Dolores River are considered an extension of this mining area, and 

are the focus of this study. 

A series of ponds have been used for the last 12 years to assist in the remediation 

of mine drainage from the St. Louis adit. However, historical data provided by ARCO 

indicates that the ponds have been in existence since the 1950's and have been used for 

other purposes as well. The following is a chronological summary of significant 

background information pertaining to previous operational and remedial activities in the 

Rico-Argentine mining area, prepared for ARCO by ESA Consultants' lnc of Fort Collins 

Colorado (ESA 1995) 

1869 The first mining claim was established along the Dolores River in Rico 

1872 The first crude smelter was built. It produced three bars of bullion before 

collapsing. 

1880 The Grand View' Mining &. Smelting Company built a small smelting operation on 

the east bank of the Dolores River near the bridge iust North of the town of Rico. 

This was motivated by high freight cost to ship the ore to Durango ($300/ton) 

1883 A temporary peak in silver production occurred producing 193,360 ounces of 

silver. 

1884 A second smelter was built at the southern end of town, and operated for two 

years 



1887 The famous Enterprise gold-siiver blanket ore body was discovered in the 

Enterprise Mine shaft. This shaft was located in the Newman Hiii area southeast 

of the town. 

189? An all-time peak in production in silver and gold occurred. 2.6~5.000 ounces c: 

silver, and 442.000 ounces of gold were recovered. At this time, the population o: 

Rice grew to 12.000 and 20 active mines producing gold, silver, lead. zinc, and 

copper were in operation. However, in mid 1893 a silver panic, gripped thf area 

and a decline in silver production was experienced. 

1902 Intermittent mining activity began and lasted until 1925. The principal production 

was base-metal ores such as lead and zinc. The ore was shipped to custom 

flotation mills in the Salt Lake City area During this time, the Rico-Argentine 

mminu company incorporated, and a temporary peak for base metals was 

experienced, producing 1.540 tons lead. 1.300 tons zinc, and °lo tons copper 

Mosi of the copper was mined primarily from the Mountain Spring-Wellington 

mine of the Rico-Wellmgton Mining Company in CHC Hill. 

1925 The St. Louis Smelting &. Refining Company, a division of the National Lead 

Company and after May 192" the successor of the Rico Mining and Reduction 

Company, mined the CHC Hill, the Silver Swan Mine, and along the Silver Creek 

(Figure 11) Other chief producing companies during this time included the Rico-

Argentine Mining Company, Union Carbonate Mines. Inc., and the International 

Smelting Company (a subsidiary of .Anaconda). 

1926 The International Smelting Company operated the Falcon Mill located at the North 

end of town between highway 145 and the Dolores River until 1928 .After the 

mill shut down, the ore was once again shipped to custom mills in the Salt Lake 

City area. 

1927 .An all-time peak in base metals was experienced 4,994 tons of lead, 5,308 tons of 

zinc, and 65 tons of copper were mined. 
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1929 Rico, along with the rest of America, was hit by the Great Depression By 1 °32. 

all production ceased. However, mining resumed on a small scale in 1934 During 

this time, the St. Louis Smelting and Refining Company drove the St. Louis 

Tunnel and crosscut extensions into the east bank of the Dolores River under CHC 

Hill This caused the tunnel to become a continuous source of mine waier 

discharge into the Dolores River. 

1939 The Rico-Argentine Mining Company began operation of the lead-zinc-copper 

.Argentine Mine along with the Argentine Mill. The mill was a 150 ton per aav 

flotation mill located on the Silver Creek. 

1941 The Falcon Mill which ceased operations in 1928 was dismantled 

1955 A crosscut from the Argentine Mine on the Silver Creek to the St Louis Tunnel 

on the Dolores river was complete. This caused the water level in the Silver Creek 

area workings to drop 450 feet, reducing the impact of drainage at this site but 

increasing the flow rate from the St. Louis adit. In addition, the Rico-Argentine 

Mining Company began operation of the Dolores River acid plant The plant was 

located at the St. Louis Tunnel, and processed 165 tons per dav of iron pvrue ore 

producing 0.3 million tons of sulfuric acid to supply uranium mills. This operation 

generated calcine (iron oxide) tailings which were deposited in what is now 

considered ponds 11 through 18, see Figure 2.1 (Stephens 1978). 

1964 The acid plant was closed by the state for polluting the Dolores River Fumes 

from the plant destroyed the vegetation along the valley and adiacent hillsides 

1971 The Rico-Argentine Mining Company mining operations ceased, and the lower 

500 feet of tunnels were allowed to flood discharging to the Dolores River at the 

St Louis adit 

1973 The Rico-Argentine Mining Company began operation of a 100,000 ton heap 

leach pad adjacent to the acid plant to extract gold and silver from dump material 

from the Newman Hill area. 



] 975 A cvanirie heap leach berm failure occurred resulting in an extensive fish kili ir. the 

Dolores River. This caused an immediate closure of the site 

1976 The first Colorado Pollution Discharge Elimination System (CPDESi permit. No 

C0-0029"793. was issued to the Rico-Argentine Mining Company for the St Louis 

adit discharge into the Dolores River. 

1977 The Rico-Argentine Mining Company merged with the Crystal Oil Company 

1978 The Crystal Oil Company hired Hazen Research. Inc. to sample the calcine tailings 

in the ponds The result of their research indicated the ponds contained 234.230 

tons of tailings that were suitable for use as an iron additive in the cement industry 

1980 The .Anaconda Copper Company acquired the Rico-Argentine Mining Company 

from the Crystal Oil Company, and the discharge permit was transfered to 

Anaconda .Anaconda began conducting a deep exploration drilling program for 

moiybaenum ore bodies and performed numerous reclamation and stabilization 

procedures of the site until 1983 

1983 The State of Colorado filed a Natural Resources Damaae claim pursuant to 

CERCLA (the Comprehensive Environmental Response. Compensation, and 

Liability Act) However, the EPA denied the claim and the discharge permit was 

renewed 

1984 .Anaconda began operation of a lime addition plant with a series of settling ponds 

to treat the drainage from the St. Louis adit 

1986 .Anaconda, noting poor treatment efficiencies obtained by the old treatment 

system, added a new lime-slaking facility In addition. Anaconda removed 

hazardous substances from the Rico facility and demolished the acid plant and 

associated structures. The site was then regraded, capped with a soil cover, and 

revegitated. 

1988 ARCO, who briefly owned this site, sold the real estate, mining and commercial 

properties to Rico Development Inc. 
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Since Rico Deveiopment Inc. acquired the holdings, the heap leach pad site was 

remediated ana replaced with a stabilization basin of approximately 625.000 cubic feet, 

and is currently being used to hold dredged tailings from the upper most ponds In 

addition, the water treatment plant continues to operate adding. , on average. 600 lbs''day o: 

quicklime CCaOi 

2-2.i Current Water Treaiment Plant 

Rico Development. Inc. currently operates and maintains a mine water treatment 

facility for the removal of heavy metals from the mine discharge prior to its permitted 

discharge into the Dolores River. This heavy metals removal process incorporates 

neutralization and settling technology, and consists of raising the pH of the water by the 

addition of quicklime and settling the resulting flocculant in a series of ponds. Studies 

conducted by the Colorado School of Mines Research Institute (CSMRI) in 1982. 

indicated that zinc and copper concentrations in.the St. Louis aditWaters could be 

removed from solution with lime precipitation at a pH above 8.7 to concentrations below 

permit limitations In addition, laboratory work found that adding approximately 30 me/L 

of hydrated lime (Ca(OH)2) would raise the pH of the drainage to the necessarv value 

(CSMRI 1982) This estimate was based on an'average annual flow rate of 2000 gallons 

per minute (gpm) and translates to approximately 600 lbs/day of quicklime (CaO) Since 

the adit flow rate displays seasonal variations, the treatment process was designed to 

accommodate varied liming rates 

The lime slaking plant* consists of a water pumping system, lime storage, slaking 

reactor, slurry storage, and a discharge system All the components of this system are 

2 The slaking plant was manufactured by Smith &. Loveless, Inc., located in Lenexa, 
Kansas. 
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contained within a pre-manufactured Cnem-Tower building supplied by Smith & Loveless 

(Smith &. Loveiess 1986). Figure 2.2 is an illustration of the treatmeni plan: provided bv 

the manufacturer 

Water to the treatment plant flows from the mine through a cement channel 

emanating from the St. Louis adit. The water flows to a concrete access box iocated 

northeast of the building. This box contains an intake line which feeds the slaker via a 

pump: Only a small amount of the total flow from the mine passes through the water 

treatment plant. The remaining water is diverted through an underground PVC pipe to a 

ditch which flows into pond 18 The water that is pumped to the treatment plant is fed 

directly to a reactor where it is mixed with quicklime to produce a calcium hydroxide 

slurry 

The quicklime is stored in the upper pan of the tower, which has a capacity of 

1.240 cubic feet (250.000 lbs CaO). Based on an average liming rate of 600 :Ibs/'day. this 

equates to a roughly estimated 1_ month supply of lime The drv lime is fed throuch a bin 

activator, a collar which shakes the bottom of the bin to ensure the lime will flow freely 

Lime next enters the volumetric screw feeder, where a controller allows for adjustment of 

the screw speed and thus the rate of lime feeding A totalizer shows the actual hours of 

operation of the feeder. Thus, the total lime used in a 24 hour period may be determined 

The lime then drops through a slide gate into the reactor. The lime feed system stans and 

stops automatically by level controls associated with the lime slurry ho;ding tank Upon 

demand, the slide gate begins to open. When the gate is fully open, the reactor, feeder, 

and bin activator are on. 

The reactor is a baffled container with a turbine agitator at the bottom for stirrina 

The maximum lime feed rate to the reactor is 500 lbs/hr and provides a mixture retention 

time of 10 minutes. Water and lime are vigorously nuxed in the reactor, producing an 

exothermic reaction which converts pebble quicklime to calcium hydroxide Vigorous 

mixing enhances the reaction process by stripping hydrated lime panicles from the surface 
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of the pebble quicklime The iime slurry exits the reactor chamber by flowing under a 

baffle and over a weir into the classifier chamber 

The classifier is a wedged-shaped box with an inclined screw, which when rotating 

serves to separate the cnt from the slurry A high impact weir jet is directed onto the 

slurry as it overflows the weir to break it up into a finely divided milk of lime solution. 

The heavier grit particles settle to the bottom where the screw lifts the grit to a discharge 

opening*loeared-&t the upper end. of a grit conveyor trough. At the base of the classifier; 

dilution water is added via turbulence jets. This serves to maintain the calcium hydroxide 

panicles in suspension for carry over into the slurry storage chamber, cleanse the grit of 

calcium hvdroxide panicles, and minimize the opponunity for the slurn^to plug the 

plumbing Slurry spills from the classifier into a slurry storage tank on tie ground floor of 

thepiant. where electrodes are used to indicate the level in the tank. Thfe slurry is agitated 

by a turbine mixer to keep the lime particles and any remaining grit in suspension 

Lime discharge is controlled by a motorized ball valve located afjihe bottom of the 

slurry tank This valve is the key to the control of lime usage The valv£ is controlled by 
* "i 

timers that can be set to open at any time of day for a specified number £f seconds Thus, 

the lime is discharged into the remaining water evenly throughout the day with minimal 

supervision 

The limed water enters a series of 10 ponds designed to provide'? residence time 

of approximately nine days During this time, the effect of gravity on thf- panicles 
+.r 

suspended in the water induces sedimentation Solids are removed throughout the svstem, 

until the water reaches a discharge flume at pond 5 Here, the water flows through a 
f* 

calibrated flume and then into the Dolores River The object of the entire system is to 
• " r* 

discharge water that meets the CPDES permit limitations. -
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Figure 2.2. Schematic of the lime treatment plant at the St. Louis adit in Rico, Colorado, 
source. Smith & Loveless, Inc. Operation and Maintenance Manual, 1986 
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2.2.2 CPDES Permit Information 

A Colorado Pollution Discharge Elimination System (CPDES) permit was first 

issued on June 1, 1976 to the Rico Argentine Mining Company for discharge of the St. 

Louis adit draiange to the Dolores River. The purpose of the permit was to regulate the 

discharge of toxic pollutants in quantities that might adversely affect the environment. 

The pollutants in the St. Louis discharge regulated under Permit No. CO-0029793 

included cadmium, copper, lead, silver, and zinc. In addition, pH, total suspended and 

dissolved solids, and the flow rates were limited. Table 2.1 shows the permit requirements. 

Since the first issuance, the permit has been transferred to each company who 

owned the site and is currently held by the Rico Development Company. The current 

permit was renewed December 30, 1993 for the period of January 1, 1994 through 

January 31, 1999. Effective February 1, 1995, the 30-dav average concentration limits for 

cadmium, copper, silver and, zinc have been lowered, and the daily maximum 

concentrations for cadmium, copper, lead, silver, and zinc need only be reported. It 

should be noted that metals concentrations are total recoverable concentrations. This is 

the concentration of metals in an unfiltered sample following treatment with a hot dilute 

mineral acid (EPA Method 3005). 



Table 2.1: CPDES Permit No. CO-0029793 Limitations. 
1994 through January 31,1999. 

Permit period is January 1, 

PARAMETER LIMITATION PARAMETER LIMITATION 
Flow, MGD (Avga) 2.6 Lead, mg/L (Avga) .0.0099 
Flow, MGD (Maxb) report Lead, mg/L (Maxb) report 
TSS, mg/L (Avga) 20 " Silver, mg/L (Avga) 

TSS, mg/L (Maxb) 30 through 1/31/95 
Oil & Grease, mg/L (Maxb) 10 Jan - Apr 0.0002 
pH, s.u 6.5-9.0 May - July 0.0006 
TDS, mg/L (Quarterly) report Aug - Dec 0.0004 
Cadmium, mg/L (Avga) beginning 2/1/95 0.0001 

, through 1/31/95 Silver, mg/L (Maxb) 
Jan - Apr 0.0024 through 1/31/95 
May - July 0.0055 Jan - Apr 0.0004 
Aug - Dec 0.0035 May - July 0.0012 
beginning 2/1/95 0.0004 Aug - Dec 0.0008 

Cadmium, mg/L (Maxb) beginning 2/1/95 report 
through 1/31/95 Zinc, mg/L (Avga) 
Jan - Apr 0.0048 through 1/31/95 0.44 
May - July 0.011 beginning 2/1/95 0.237 
Aug - Dec 0.007 Zinc, mg/L (Maxb) 
beginning 2/1/95 report through 1/31/95 0.88 

Copper, mg/L (Avga) beginning 2/1/95 report 
through 1/31/95 0.03 
beginning 2/1/95 0.024 

Copper, mg/L (Maxb) 

through 1/31/95 0.06 
beginning 2/1/95 report 

4 30-day average 
b Daily maximum 
Source: ESA 1995. 



2.3 Chemistry of Mine Drainage 

Extensive literature exists on. the subject of mine drainage chemistry and includes 

comprehensive reviews of acid mine drainage by Hill (1968), Stumm and Morgan (1970, 

1981), and Nordstrom (1985), among others. The production of acidic water is common 

to mining situations where pyrite (FeS2) and other metal-sulfides become exposed to 

atmospheric conditions. Upon exposure to the atmosphere, sufficient oxygen and water 

are present to oxidize pyrite according to four elementary reactions (Stumm and Morgan 

1981). 

The oxidation of pyrite to sulfate produces two moles of acidity for each mole of 

pyrite oxidized through the reaction. 

FeS2(s) + 7/2 02 + H20 -»Fe2" + 2S042" + 2H* 

Subsequent oxidation of dissolved ferrous iron results in ferric iron through the 

reaction: 

Fe2* + l/402 + H* -> Fe3* + 1/2 H20 

The hydrolysis of ferric iron to insoluble ferric hydroxide releases an additional 3 

moles of acidity through the reaction: 

Fe3" + 3H20 -• Fe(OH)3 + 3H" 
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From the combination of these three reactions, it can be seen that the dissolution of 

one mole of pyrite ultimately leads to the release of four moles of acidity and the 

evolution of ferric hydroxide:. 

FeS2 + 15/402 + 7/2H20 -* Fe(OH)3 + 2S042' + 4H~ 

The ferric hydroxide may precipitate as floccule provided the pH is such that its 

solubility limit has been met. The final elementary reaction is the further oxidation 

of pyrite by ferric iron: 

FeS2(s) + 14Fe3" + 8H20 -> 15Fe2+ + 2S042" + 16fT 

This reaction releases an additional 16 moles of acidity and ferrous iron, which 

then re-enters the reaction cycle. 

In addition to the formation of water with low pH and high iron, acid produced 

from the above cycle may also dissolve other elements such as, copper, cadmium, zinc, 

manganese, etc. These elements then enter into the mine drainage However, this 

oxidation process would not occur if the pyrite were left in its naturally reducing 

environment. During mining operations, pyrite ores are exposed to air and ground water 

flows which subsequently aquires acidity and dissolved metals. 

Nonetheless, the specific type of drainage produced by a particular mine is 

dependent upon the product mined and the nature of the surrounding geologic formations. 

In the case of the Rico-Argentine mining area, the presence of calcite (CaC03) and 

dolomite MgCa(C03)2 in addition to pyrite produces acidic drainage which is subsequently 

buffered to a neutral or near neutral pH (Weir et al. 1983; Pratt et al. 1969; Cross et al. 

1905). Hence, the resulting flow from the St. Louis adit may be considered alkaline mine 



drainage which generally can be said to have a pH near or greater than neutrality, net 

alkalinity, high sulfate, significant calcium and magnesium, and a conglomeration of 

dissolved metals associated with local mining objectives (Hill 1968). 

The chemistry associated with naturally occurring limestone raises the pH of the 

acidic water to neutral levels and introduces bicarbonate alkalinity by consuming hydrogen 

ions (Stumm and Morgan 1981). The alkalinity-generating and acidity-reducing reactions 

occur in an order consistent with the solubility products of the minerals involved (Table 

2.2), and are as follows (Hedin and Watzlaf 1994): 

Highly acidic, metal laden water contacts limestone, which neutralizes the proton 

acidity (H*). This reaction causes the dissolution of calcite and dolomite. Each 

mole of calcite and dolomite that reacts produces one and two moles of 

bicarbonate alkalinity, respectively: 

CaCOj + H* -» Ca2* + HC03" 

MgCa(C03)2 + 2fT -* Ca2* + Mg2* + 2HCCV 

The increased pH level promotes metal hydroxide precipitation and the bicarbonate 

alkalinity buffers the carbonate acidity produced. The metal hydroxide often 

remains dispersed as a stable sol: 

CaCO? + 2Fe3* + 6H20 -+ 3Ca2* + 2Fe(OH)3 + 3H2C03 

CaC03 + H2C03 -> Ca2* + 2HC03" 

As the pH rises above 4.5, bicarbonate begins to accumulate in appreciable 

amounts. As bicarbonate concentrations increase, the solubility of metal 



carbonates may be exceeded, causing precipitation of siderite (FeC03), 

rhodochrosite (MnC03), and cerussite (PbC03): 

CaC03 + Fe2+ -> Ca2' + FeC034 

CaC03 + Mn2* Ca2~ + MnC0.4 

CaC03 + Pb2+ —> Ca2+ + PbC03i 

With each of these reactions, calcium is released into solution. As the 

concentration of calcium increases, the potential for gypsum (CaS04®2H20) 

precipitation increases: 

CaC03 + S042' + 3H20 -> CaS04®2H204 + OH" + HC03" 

Table 2.2: Solubility product constants of minerals often found in mine waters. 

MINERAL REACTION LogKa 

Calcite CaC03<->Ca2* + C032 -8.35 

Dolomite MgCa(C03): Ca2" •+ Mg2* + 2C032 -16.7 

Ferric Hydroxide Fe(OH)3 Fe3, ' + 3 OH" -38.8 

Cerrusite PbC03 Pb2* + co32 -13.1 

Siderite FeC03 ̂  Fe:* + co32 -10.7 

Rhodochrosite MnC03 <-• Mn2"1 + co32 -10.4 

Gypsum 
CaS04»2H20 Ca2* + S042 + 2H20 -4.62 

a K is equal to the product of the activities of the product ions, and the more 
negative the value the more likely the solid will precipitate. 



The precipitation of minerals as. the mine water flows through the limestone usually 

results in fine particles suspended in solution. This colloidal suspension provides an 

efficient means of metal transport, as the enormous surface area of colloidal particles 

makes reactions at the solution-particle interface inevitable. Thus, a general understanding 

of this surface chemistry is warranted. 

The bulk of the literature on adsorption in aquatic systems deals mostly with metal 

oxides, principally those of iron. Moreover, it is probably safe to assume that the majority 

of colloids formed in acid mine drainage are indeed iron oxides, since the production of 

acidic drainage is due primarily to the oxidation of iron pyrite ores. 

The most important characteristics of colloids are the high ratio of surface area to 

volume, and the resulting voluminous surface charge. Colloidal particles have a diameter 

in the size range of 10'2 pm to 10 pm, and may exhibit surfaces areas as large as 600 

square meters per gram (Krauskopf and Bird 1995). This large surface area provides an 

abundance of surface charge for sorption and ion exchange of metals dissolved in solution. 

The charge of a colloid will dictate the sorption chemistry involved at the surface, 

and obviously, electrostatically charged surfaces must attract ions of opposite charge. The 

surface of a metal oxide colloid can exhibit either a positive or a negative charge, 

depending on whether the metal (M) or the lignand (OH) is in excess at the surface (=) 

(Morel 1983) Stumm and Morgan (1981) and Salomons and Forstner (1988) provide a 

simplistic understanding of the various reactions that can occur at the surface, and Figure 

2.3 illustrates these reactions. 

The charge at the metal oxide surface results, in part, from proton transfers at an 

amphoteric surface: 

=M-OH2* <-> sM-OH + K 

sM-OH <-> sM-0'+ IT 
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carbonates may be exceeded, causing precipitation of siderite (FeC03), 

rhodochrosite (MnC03), and cerussite (PbC03): 

CaC03 + Fe2" Ca2' + FeCO^ 

CaC03 + Mn2' Ca2' + MnC03l 

CaC03 + Pb2+ -» Ca2+ + PbC03i 

With each of these reactions, calcium is released into solution. As the : 1 'be 

concentration of calcium increases, the potential for gypsum (CaS04.2H20) 

precipitation increases. 

CaC03 t- S042 + 3H20 ->• CaS04*2H20>l + OH" + HC03" 
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Figure 2 .3: Illustration of metal oxide surface reactions. 
Source: Stumm and Morgan 1981. 



Figure 2 4: Schematic representation of colloid panicles flocculating together to form 
microgel 
Source: Krauskopf and Bird 1995. 
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2.4 Treatment Options 

The treatment of mine drainage refers to chemical and physical procedures used to 

improve drainage quality, and there is an increasing need for economically viable and 

environmentally sound methods to achieve this. Furthermore, technologies must be 

capable of achieving treatment levels prescribed by regulatory constraints such as those in 

CPDES permits. 

The conventional approach to treat mine drainage is chemical neutralization and 

precipitation using lime. While sometimes effective, this traditional pump-and-treat 

method is often costly and inefficient. In addition to producing large volumes of unstable 

metal hvdroxide sludges which may be labeled hazardous and therefore expensive to 

dispose of, the long term commitment associated with treating drainage which could 

persist over hundreds of years is prohibitive. Although many remediation technologies 

have been developed for the removal of metals from mine drainage, the desire to utilize 

existing equipment and ponds, in addition to the need to limit operation and maintenance 

costs has dictated the treatment options considered for the St. Louis adit. The 

technologies outlined here include an innovative approach to lime precipitation, sulfide 

precipitation using biogenic H2S, and constructed wetlands. 

2 4 1 Conventional Lime Treatment Process 

In conventional lime treatment processes, lime (Ca(OH)2) or quicklime (CaO) is 

used as a precipitant in the removal of metals as insoluble metal hydroxides (Krishnan 

et.al 1994) The precipitated solids are then removed from the treated water by settling. 



The general reaction that occurs to produce insoluble metal hydroxides is illustrated by the 

following equation for the precipitation of a divalent metal (Chung 1989): 

M2+ + Ca(OH>2 -» M(OH)2 + Ca2" 

The effluent concentration levels achievable by hydroxide precipitation are 

dependent on the metals present and the pH. Each metal precipitate has a pH at which its 

solubility is minimized. By adjusting the solution pH into the range of a metal's minimum 

solubility, the metal is substantially removed. However, the minimum solubility pH for 

each metal is not concurrent (ibid.). Table 2.3 lists the pH at which the minimum 

solubility of some metal hydroxides found in mine drainage would occur (Stumm and 

Morgan 1981, Chung 1989, Krishnan 1994). 

Table 2 .3: The pH at which the minimum solubility of some metal hydroxides found in 
mine drainage would occur. 
Source: Stumm and Morgan 1981, Chung 1989, and Krishnan 1994 

METAL pH, s.u. 

Cadmium 11.2 

Copper 8.8 

Iron (HI) 8.0 

Lead 9.2 

Zinc 9.0 



In addition to the optimum pH for minimum solubility differing," metal hydroxides 

are amphoteric, ie. capable of solubilizing at a high and a low pH. Therefore, increasing 

the pH to 11.2 to precipitate cadmium hydroxide would result in the other metals 

dissolving back into solution. Hence, the optimum pH for a mixture of metals must be 

determined experimentally, taking into account discharge standards since the optimum pH 

cannot be met for all. 

Following the precipitation of the metal, the metal floe must be separated from the 

water. This is usually accomplished by gravity separation in a pond or clarifier, after 

which the clarified water is drawn off. The resulting sludge from this process is 

voluminous, and presents problems when long-term treatment is required. The sludge, 

which rarely contains more than 2.5% solids, consumes vast quantities of necessary 

storage space in a relatively short period of time (Murdock, et al 1994). Furthermore, 

sludge stability is questionable, and redissolution of precipitated metals is a concern. 

Those sludges that exceed the Toxicity Characteristic Leaching Procedure (TCLP)J 

concentration limits for extractable metals are deemed hazardous and must be disposed of 

in RCRA certified disposal facilities4 (Reinhardt 1989, Corbitt 1990). Table 2.4 provides 

the limits for TCLP extractable metals (ibid ). 

The fact that the sludge may be considered hazardous is significant because sludge 

disposal at a RCRA facility costs about $220/ ton compared to $28/ton for non-hazardous 

disposal (McLaughlin, et al 1995). Therefore, it is obvious that the sludge produced from 

this process provides the motivation needed to seek out innovative alternatives for mine 

drainage remediation. 

3 The degree of resistance of the mixture to leaching by the procedure set forth in the 
Code of Federal Regulations, 40 CFR Part 261 Appendix II. The Code of Federal 
Regulations is published by the Environmental Protection Agency (EPA). 
4 The Resource Conservation and Recovery Act (RCRA) of 1976 is the primary legislation 
controlling hazardous waste management, and treatment, storage, and disposal facilities 
(TSDF) are defined in 40 CFR 260.10. 
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Table 2.4: Concentration Limits for TCLP extractable metals. 
Source: Reinhardt 1989 and Corbitt 1990. 

METAL TCLP LIMIT, 

mg/L 

rii senic 5.0 

Lanzm 100.0 

Cadmium 1.0 

Chromium 5.0 

Lead 5.0 

Mercury 0.2 

Selenium 1.0 

Silver 5.0 

2 4 2 Innovative Approaches To Lime Treatment 

Despite its shortcomings, there are valid reasons for the dominance of chemical 

neutralization and precipitation using lime for the removal of metals from mine drainage. 

The chemistry of precipitation is controllable and predictable, and lime is widely available, 

inexpensive, and easily handled. Consequently, innovative modifications of conventional 

lime treatment processes have been developed to help overcome its deficiencies. 

There are essentially two types of innovations that have been developed. The first 

is the modification of the physical processes involved in lime precipitation, and the second 

is the is a modification of the chemistry of lime precipitation. Furthermore, a combination 

of both chemical and physical changes has been realized. The primary objective of the 
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studies conducted with these innovations consisted of improving effluent metals 

concentrations, while altering the sludge characteristics. 

The early examinations of novel approaches to lime precipitation began with 

investigations of improving the physical process of sludge densification. In 1980, the 

drainage from the Argo Mine Tunnel in Idaho Springs, Colorado was selected for the 

testing of a sludge concentrating system developed by Colorado Mining and Chemical, 

Ltd. The purpose of this research and demonstration project, initiated through the 

Colorado Inactive Mine Reclamation Program, was to determine the effectiveness of 

neutralization followed by precipitate concentration and filtration as a method for 

removing trace elements and acidity from the drainage (Resource Recovery 

Demonstration Project 1980). Results indicated that the process was only somewhat 

effective for removing trace elements from the drainage while significantly consolidating 

the metal hydroxide sludge (ibid.). 

Another sludge densification study was conducted in 1982 by The Colorado 

School of Mines Research institute (CSMRI), on drainage from the St. Louis adit in Rico, 

Colorado This was a bench-scale test designed to simulate the high-density sludge 

process originally developed by P. D. Hostenbader and G. F. Haines of Bethlehem Steel 

Corporation (CSMRI 1982). This approach is essentially a lime precipitation process 

which separates the precipitate from the clean effluent using a mechanical clarifier. A 

portion of the sludge is then recycled and additional lime is added to this recycled sludge. 

Results from the study indicated an increase in percent solids in the sludge, from 2% after 

simple gravity sedimentation to as high as 40% after several days of continuous sludge 

recirculation. After 11 recycles, the sludge volume was less than one third of that 

obtained with simple precipitation, but the process exhibited only marginal effectiveness in 

removing trace metals (ibid.). 

By the 1990's the emergence of chemical modifications to lime treatment were 

being explored, and a study conducted by the U.S. Bureau of Mines in 1991 revealed that 
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the addition of copolymers, combinations of polymers, guars, and gums in conjunction 

with lime all reduced the concentrations of cadmium and lead to <0.01 ppm and 0.01 ppm 

levels, respectively (Carter and Scheiner 1991) This study indicates that the addition of 

flocculants, such as polymers, in addition to lime, greatly increased the number of surface 

sites available for coprecipitation of dissolved metals. These activated molecules also have 

many charge sites that attract colloidal or suspended solid particles of the opposite charge, 

thus, forming a larger floe of agglomerated solids which settle, filter, and dewater at a 

substantially increased rate (ibid.). 

To further enhance the lime precipitation process, a combination of both chemical 

and physical modifications has been developed. A paper presented at the International 

Land Reclamation and Mine Drainage Conference and the Third International Conference 

on the Abatement of Acidic Drainage, in 1994 describes the application of a high density 

sludge (HDS) process, similar to the process originally developed by the Bethlehem Steel 

Corporation. However, HDS utilizes both sludge recycle and the addition of polymers for 

improved flocculation (Murdock, et al 1994). Figure 2.5 illustrates the HDS process. 

Several full-scale plants have been established in Canada and the United States 

since 1980 and include: The Sullivan Mine of Cominco Ltd. in British Columbia, Canada, 

the Brunswick Mining and Smelting Company in New Brunswick, Canada, and the 

Glenbrook Nickle Company in Oregon These full-scale plants demonstrate the success of 

the HDS process, which has been shown to treat up to 22 million gallons of mine drainage 

per day, producing a stable hydroxide sludge containing 20% to 40% solids, and 

effectively removing trace metals to treatment specifications (Murdock, et al. 1994). 
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2.4,3 Sulfide Precipitation Using Biogenic H->S 

Sulfide precipitation using biogenic H2S has several potential advantages as an 

alternative to hydroxide precipitation. The solubilities of metal sulfides are considerably 

lower than those of corresponding metal hydroxides. Furthermore, unlike metal 

hydroxides, metal sulfides are not amphoteric, and continue to precipitate as the pH of the 

solution increases (Chung 1989, de Vegt and Buisman 1993). Table 2.5 demonstrates the 

substantial difference between metal hydroxide and metal sulfide solubilities. 

Table 2 .5: Theoretical solubilities of various metal hydroxides and metal sulfides in pure 
water at a pH of 7.0. 
Source: de Vegt and Buisman 1993. 

METAL SOLUBILITY in mg/L SOLUBILITY in mg/L 
as HYDROXIDE^ as SULFIDE 

Cadmium 2.35 x 10° 6.73 x 10"'° 
Copper 8.42x10"' 5.83 x 10'1S 

Iron 8.91 x 10"' 3.43 x 10'5 

Lead 6 5.48 x 10"10 

Silver 13.3 7.42 x 10"12 

Zinc 1.1 2.31 x 10-7 

The extremely low solubilities of sulfide metals results in improved metal 

concentrations in the effluent and a more stable sludge. In addition, the resulting sludges 

are suitable for metals reclamation which could offset treatment costs (Corbitt 1990, 

Hammack, et al. 1994, Rowley, et al. 1994). 

The use of biologically produced hydrogen sulfide (H2S) gas is particularly 

appealing in the remediation of mine drainage. Mine water usually contains high sulfate 
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(SO42") concentrations and supplies the necessary ingredient for the production of H2S. 

Consequently, this process serves the dual purpose of reducing sulfate and metal 

concentrations in the water. 

Many investigators have developed processes using sulfate reducing bacteria to 

treat metal contaminated mine waters (Rowley, et al. 1994, deVegt and Buisman 1993, 

Hammack, et al. 1994). Although each process may vary in its specific design, they all 

subscribe a similar technological theory. 

In general, the technology consists of a biological process and a solids 

precipitation process. DeVegt and Buisman (1993) describe the process in the most 

elementary terms. 

In a bioreactor, the H2S needed for water treatment is generated by sulfate 

reducing bacteria via an oxidation-reduction reaction. The SRB anaerobically 

oxidize organic matter present in the water while producing a simultaneous 

reduction of sulfate to hydrogen sulfide gas: 

bacteria 
S042" + organic matter > H2S + oxidized organic matter 

The organic matter acts as an electron donor in this reaction, and when oxidized 

provides alkalinity to the system. However, mine drainage seldom contains 

sufficient organic compounds, and it becomes necessary to add an electron donor. 

Some examples of electron donors are ethanol and organic wastes. The H2S 

generated reacts with metals present in the wastewater to form metal sulfide 

precipitates. 
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M2' + H2S -> MSl •+ 2H~ 

The proton acidity evolved from this reaction causes a decrease in the water pH 

that may not be consumed by the alkalinity produced in the prior step. Hence, it often 

becomes necessary to make pH adjustments to meet effluent standards. In any case, the 

sludges produced are often amendable to metal recovery in a smelter and this may help 

offset treatment costs. 

Several biogenic H2S treatment systems have been tested, or are currently in full 

scale operation. The first commercial-scale treatment plant began operation in May 1992 

at the Budelco B Y. Mine smelter site in the Netherlands. The plant, developed by the 

Dutch company Paques B.V., was designed to treat approximately 1.8 MGD of 

contaminated water containing 50 mg/L Zn and 0.1 mg/L Cd using a bioreactor and a 

single precipitator-clarifier unit (Figure 2.6) (de Vegt, et al. 1993). Plant performance 

data indicates that sulfate concentrations were reduced by 80%, from an influent 

concentration of 1000 mg/L to an effluent concentration of 200 mg/L. In addition, zinc 

and cadmium were removed with an average efficiency of 99.7 %. The effluent zinc 

concentration were reported to be 0.05 - 0.015 mg/L (ibid.). 

The United States Bureau of Mines (USBM) recognized the potential of this 

process to recover metals from mining waste streams which often contain several different 

metals, and performed bench-scale tests on a system designed to selectively recover 

valuable metals (Hammack. et al. 1994). The system configuration consisted of a 

bioreactor and three precipitator-clarifier units. By performing pH adjustments between 

each stage, three separate sludges were produced that may be suitable for metal recovery 

at existing smelters. Hammack, et al. (1994) reported that the bench-scale treatment 

system was effective in the removal of Cu, Zn, Co, Ni, Fe, Mn, and Al. In addition, the 

system produced a copper concentrate containing 33% Cu, and a zinc concentrate 

containing 28% Zn (ibid.). 
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A pilot-scale study of a treatment process similar to the bench-scale process 

analyzed by the USBM was conducted by the Triton Development Corporation of 

Vancouver, British Columbia (Rowley, et al. 1994). The process, called the Biosulnde 

Process, again uses three separate precipitator-clarifier units and pH adjustments between 

each. Rowely, et al. (1994) reported that the pilot-scale system ran continuously for 75 

hours, maintained an average sulfate reduction of 85%, and exceeded discharge 

requirements for copper (<0.05 mg/L) and zinc (<0.2 mg/L) (ibid.). 

Results from these three studies demonstrate that a biogenic H2S process is a 

potential alternative to conventional mine drainage treatment. In addition to successfully 

treating waste waters, this process isolates potentially valuable metal sulfides which could 

be sold to offset operating costs. 

2 4 4 Constructed Wetlands 

Wetlands have been used for the disposal and treatment of contaminated water 

since the 1950's in a wide variety of applications such as municipal wastewater, storm 

water runoff, and agricultural non-point source runoff (Reed, et al. 1995). However, 

within the past several years, there has been increased interest in the use of wetlands to 

treat mine drainage when it was observed that wetlands can act as a sink for metals 

(Gersberg, et al. 1985, Weider 1988, Skousen, et al. 1992, Whiting, et al. 1994, Eger, et 

al 1994, Dretz, et al. 1994, Reed, et al. 1995, Watzlaf and Hyman 1995). There are two 

basic types of constructed wetlands, aerobic and anaerobic. Table 2.6 provides a 

comparison of aerobic and anaerobic wetlands. Regardless of the type of wetland, there 

are several physical, chemical, and biological mechanisms that occur in wetland systems to 

reduce metal concentrations. The major mechanisms are ion exchange, sorption, and 



precipitation by geochemical and microbial oxidation and reduction (Boto and Patrick 

1979, Damman 1979, Dollhopf, et al. 1988, Walton-Day 1991). 

In aerobic wetlands, the surface is exposed to the atmosphere. In addition, the bed 

contains aquatic vegetation, a layer of soil to serve as a rooting media, and a liner to 

protect the groundwater. The water depth ranges from a few centimeters to 0.8 meters or 

more, and design flows range from 100 gallons per day to 20 million gallons per day 

(Reed, et al. 1995). The typical retention time in aerobic wetlands is 5 to 10 days, where 

the oxidation of metals to form oxide precipitates is emphasized, for example: 

Fe3T + 3H20 Fe(OH);, + 3H~ 

This reaction has the tendency to lower the effluent pH due to the release of 

proton acidity during the hydrolysis of metals. In alkaline mine drainage, this effect would 

be buffered However, buffering agents may need to be added when treating acidic mine 

drainage (Watzlaf and Hvman 1995). Aerobic cells are appropriate for the removal of 

iron, aluminum, manganese, arsenic, cyanide, and mercury (Gusek 1995). 

In anaerobic wetlands, the excavated basin is filled with porous material, and the 

water level is maintained below the top of this material. This creates reducing conditions 

where sulfide metals are precipitated in a reaction mechanism similar to that explained in 

the biogenic H2S process earlier: 

S042" + organic matter » H2S + oxidized organic matter 

M2* + H2S MSi + 2H~ 

Because the oxidation of organic matter creates alkalinity, anaerobic wetlands have 

a tendency to increase the effluent pH creating neutral or near neutral conditions (Watzlaf 
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and Hvman 1995). The depth of the porous material is usually 1 to 1.5 meters, and a 

retention time of 3 to 5 days is recommended (Reed, et al. 1995). Anaerobic cells are 

typically filled with an organic substrate inoculated with manure, and are ideal for 

removing copper, lead, zinc, mercury, cadmium, aluminum, and sulfate (Gusek 1995). 

Constructed wetlands are man-made simulations of natural wetland systems which 

have the potential of being more effective because the hydraulics and retention times can 

be controlled and optimized, and the capability for the remediation of mine drainage using 

constructed wetlands has been verified in a number of studies (Whiting, et al. 1994, 

Hellier, et al. 1994, Dietz, et al. 1994), Furthermore, constructed wetlands provide the 

possibility to treat mine drainage without the continual addition of chemicals or 

neutralizing agents, thus, reducing operation and maintenance requirements. 

Table 2 .6: A comparison of aerobic and anaerobic constructed wetlands. 

AEROBIC ANAEROBIC 

Surface flow of water Subsurface flow of water 

Exhibits oxidizing conditions Exhibits reducing conditions 

Produces oxide precipitates Produces sulfide precipitates 

Chemical process increases proton acidity Chemical process increases alkalinity which 

which may lower the effluent pH may increase the effluent pH 

Effective in removing Fe, Al, Mn, As, Cyanide Effective in removing Cu, Pb, Zn, Hg, Cd, Al, 

and Hg and Sulfate 

Depth ranges from a 0.03 m to 1 m Depth ranges from 1 m to 1.5 m 

Retention time range? from 5 to 10 days Retention time ranges from 3 to 5 days 
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2 5 Sludge Management 

Sludge management can be described as directing or controlling the production, 

treatment, disposal, or reuse of sludge. The sludge is defined as a waste byproduct of 

mine drainage treatment, and contains heavy metals which may be considered hazardous. 

The conventional method of treatment for mine drainage is lime precipitation. This 

process, which is very effective in removing metals from water, produces large quantities 

of heavy metal laden sludge. The sludge, if considered hazardous, must be disposed of in 

hazardous waste landfills which cost about $220/ ton compared to $28/ton for non-

hazardous disposal (McLaughlin, et al 1995). 

Sludge disposal may very well be the most expensive aspect of mine drainage 

remediation. Hence, the selection of mine drainage treatment options must always take 

into consideration the management of inherent byproducts. There are two general 

avenues to the management of sludge; sludge reduction, and sludge reuse. Metal recovery 

from sludge produced in mine drainage treatment may also be considered a category. 

However, the nature of mine drainage discourages the use of such technologies. 

Metal recovery technologies are processes that recover metals from both 

wastewater and sludge, and include electro-separation, membrane separation, leaching, 

and ion exchange (Krishnan, et al 1994). Processes such as these are most often used to 

recover metals from wastewaters produced in the electroplating and electronic industries, 

where extremely high and relatively pure concentrations occur. These are not stand alone 

technologies, and high capital and operating costs incurred by these technologies may not 

merit their use for the treatment of mine drainage. Mine drainage is typically dilute in 

valuable metals and contains a mixture of metals that would be difficult to recover. An 

exception to this supposition may be the metal sulfide sludges produced in the biogenic 

H2S process described earlier. These sludges, when separated selectively through this 

process contain relatively pure concentrations of metals which can be recovered at 
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smelters. Both pilot-scale and commercial-scale biogenic H2S treatment plants have 

produced sludges containing copper and zinc concentrates that could be processed at 

existing smelters ( Hammack, et al 1994, Rowley, et al. 1994). 

Since the amount of sludge produced has a direct impact on disposal costs, a key 

component of sludge management is reduction. The large amount sludge produced from 

conventional lime treatment plants often contains only 2% to 6% solids (Murdock, et al 

1994). Hence, dewatering the sludge could result in a dramatic decrease in the total 

volume produced. 

Dewatering consists of removing as much water from the sludge as possible so that 

the resulting volume to be processed is minimized. Achieving the maximum amount of 

water removal usually requires both the chemical addition of thickeners and the 

application of a mechanical dewatering device. The chemicals most often added are high 

molecular weight polymers which provide a massive amount of active surfaces that attract 

colloidal or suspended solid particles of the opposite charge, thus, forming a larger floe of 

agglomerated solids which settle, filter, and dewater at a substantially increased rate 

(Carter and Scheiner 1991). Moreover, the high density sludge process (HDS) discussed 

earlier also enhances the thickening process. The sludge recycle provides a surface for the 

metals to precipitate on, and the solid particles grow each time they are recycled. 

Consequently, the particles may attain sizes up to five times larger than those in 

conventional sludges, producing sludges with 4% to 8% solids (Mosher 1994) 

Once the sludge has been thickened, mechanical devices are used to further 

increase the solids content. Typical mechanical devices include vacuum filters, pressure 

filters, belt filters and centrifuges (Reynolds 1982, Vesilind, et al. 1995) 

With the combination of thickening and mechanical dewatering, the resulting solids 

content in sludges can be as high as 50 percent. According to John Mosher of the 

Colorado School of Mines and Hazen Research Inc., Asarco employs the HDS process in 

conjunction with a pressure filter to treat the Yak Tunnel/California Gulch mine drainage 
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near Leadville, Colorado, and attains a solids range from 20% to 40% (Mosher 1994). 

Furthermore, McLaughlin Water Engineers, Ltd designed and built a water treatment plant 

in Mintum, Colorado to treat drainage from the Eagle Mine. This process employs a 

unique combination of chemical addition, sludge thickening, and dewatering using a filter 

press. Solids content in sludges from this process are consistently 50 percent 

(McLaughlin, et al. 1995). 

The reuse of sludge produced from the treatment of mine drainage applies 

primarily to sludges created from lime neutralization and precipitation. Innovative 

methods have been found for dealing with such wastes. For example, "Asarco's California 

Gulch water treatment plant in Colorado uses wastewater treatment sludge as a smelter 

feed stock, recovering incidental saleable metals, and producing non-hazardous products" 

(Mosher 1994). In a thermal process, developed by the Nihon Cement Company in Japan, 

sludge rich in silicates and calcium oxides is used to make cement (Fouhy and Moore 

1994). Provided that 30 % of the total water content has been removed, these sludges can 

be reused instead of disposed of in costly landfills. Consequently, the concerns about 

disposal costs transfer to concerns about shipping costs. If smelters or cement operations 

are not locally available, shipping costs may become prohibitive. 

2 6 Modeling Methods 

When evaluating a site for remediation, relatively little information is available to 

assess the appropriate technology to be employed and the ultimate fate of the 

contaminants. Aside from historical examples of processes currently in use, the tools 

needed to predict the applicability of a particular process to a specific site are limited. 

While geochemical modeling is well established in this field, process modeling from 

a chemical engineering standpoint is not. This chemical engineering approach to a 



48 

traditionally geochemical problem could provide an additional tool for selecting and 

designing an appropriate process for site specific remediation. Since the accurate 

prediction of the potential applicability of a technology is of concern to both responsible 

parties and regulatory agencies, it is the intent in this section to discuss relevant aspects of 

the models used and investigated in this research. 

2.6.1 MINTEOA2 Geochemical Modeling 

The MINTEQA2 model is a quantitative tool for determining the chemical 

equilibrium properties of natural systems. The properties that MINTEQA2 predicts 

includes aqueous phase speciation, adsorption, solid phase saturation states, and the 

precipitation and dissolution of metals (Allison, et al 1993). 

The model uses mathematical tools such as the solubility product constant to 

determine the saturation state of precipitates, the Van't Hoff equation to correct the 

equilibrium constants for temperature variations, the Debye-Hiickel expression for 

calculating activity coefficients, and numerous adsorption models for predicting surface 

reactions (ibid.) With the combination of mass balance calculations and equilibrium 

saturation indices, dissolved, precipitated, and adsorbed species can be determined. 

2 6.2 ASPEN Plus Process Modeling 

ASPEN Plus is a process modeling and simulation tool used by engineers to model 

processes for which there is a continuous flow of materials and energy. The model 

provides a complete representation of the performance of a process, including the 

composition, flow, and properties of all streams and process units involved (Aspen Tech 
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1993). Furthermore, this model has the capability to analyze electrolyte systems including 

predicting dissolved and precipitated species. The solubility product constants, the 

electrolyte NRTL and Bromley-Pitzer activity coefficient models, as well as various 

transport property models, thermodynamic models, and equation of state models (which 

are much too numerous to list) are among the many mathematical tools used to simulate 

electrolyte processes (Aspen Tech 1994). 

Although this model is not specifically designed to simulate processes occurring in 

mine drainage treatment, the mathematical tools and the extensive data bank available 

provide the necessary ingredients for this purpose. Once the process flow sheet has been 

defined and the chemical components, chemical reactions, thermodynamic properties and 

transport properties are specified, the model can aid in interpreting data, performing 

sensitivity analysis and optimizations, and studying alternative processes. 

The most important quality that any model should possess is that of being 

accurate. The model should properly reproduce the basic physical phenomenon that is 

being approximated. Therefore, comparisons with analytical concentrations observed at 

the actual site will give indications of how reliable and accurate a given model will be. 
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Chapter 3 

EXPERIMENTAL 

Sampling activities at the St. Louis settling ponds were conducted in August of 

1995. The purpose of the field investigation and subsequent analysis was to gather 

sufficient data to provide a general characterization of the site, and to support modeling 

efforts. 

3 .1 Sampling Strategy 

The decisions made regarding sampling locations and types of samples taken were 

based on the results of previous studies, as well as the selection of suitable control 

volumes for material balance modeling. Two possible outcomes for metals present at this 

site were determined. The metals could either remain at their present location, or they 

could be carried elsewhere by transport processes. Based on this premise, two control 

volumes were selected. The first control volume included ponds 11, 12, 14, 15, 18, and 

the water treatment plant. The second included ponds 5, 6, 7, 8, and 9. 

3 11 Type and Location of Samples 

Sampling locations were chosen to simplify the problem of determining chemical 

transport rates into and out of the control volumes, as well as the concentrations within 

the control volumes. The field work conducted included measurements of flow rates, 

sampling of surface waters at various locations, and sampling of the sediment and pore 
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waters in several of the ponds. Features of the settling ponds and sampling locations are 

shown in Figure 1.2. 

Flow rates were measured at the St. Louis adit, influents to ponds 9 and 18, and 

effluents from ponds 5 and 11. Surface and subsurface water samples were taken at the 

adit, and ponds 5, 9, 11, and 18. Subsurface samples where taken at the liquid-solid 

interface. Sediment core sample were obtained from ponds 5, 9, 11, and 18. The cores 

were segmented based on defining characteristics of each core. Pore waters were then 

extracted from each segment. 

Further analysis of the site during the field work indicated the need for four 

additional surface water samples; two from the geothermal vents located in ponds 5 and 6, 

and two from a channel of the Dolores River located on the west side of pond 18. It was 

decided that the two geothermal vents could be providing significant contributions to the 

transport of chemicals into the control volume. The decision to sample the channel was 

based on the presence of oxidized iron-rich stream bed precipitates, characterized by their 

bright orange color, indicating possible seepage from pond 18, see Figure 3.1. One 

sample was taken upstream from pond 18, where no precipitate was visible. The other 

sample was taken down stream from pond 18, where the channel re-enters the river. 



Figure 3.1. Channel of the Dolores River west of pond 18. The bright orange precipitate indicates possible seepage 
from pond 18. 



3 1.2 Sampling Sequence 

A sampline sequence plan was developed to help prevent cross contamination .All 

flow rates were measured first, starting at the pond 5 effluent and working up to the adit 

Surface water samples were taken in the same sequence as the flow rates, except for the 

river and geothermal vent samples which were taken after sampling was completed. In 

each case, field analysis was conducted and samples were preserved prior to moving on to 

the next location Coring started with ponB 5 and finished with pond 18. Prior to each 

coring event, water and sediment depths of each cored pond were determined using a 

calibrated pole and raft. After each core was pulled, it was immediately segmented and 

individual samples were sealed and preserved. 

3.2 Flow rate Measurements 

Flow rates were measured using one of three different techniques; the simple float 

method: the bucket and stop watch method; and the Manning equation, depending on the 

nature of the flow The float method was used to measure the flow rates of the effluents 

from the adit and pond 5 Both of these locations consisted of concrete channels that 

were easily measured In each case, the cfoss-sectional area, AcS, in the concrete channel 

was measured and a floating object (60 ml polyethylene sampling bottle) was timed as it 

traveled a measured distance, L. The crosS-sectional area was measured by two different 

people, using either a pole calibrated to the nearest inch or a tape measure, depending on 

the depth of the channel. Ten trials were performed at each location and timed using a 

stop-watch The results of the ten trials were then averaged and the flow rates were 

determined by the following equation: 
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Q(ft7s) = Mft2) L(ft)/t(s) 

The flow of water into pond 18 consisted of four pipes. One 17.5 inch I.D. pipe, 

two 4 inch diameter pipes and one 13.5 inch diameter pipe, all made of plastic (Figure 

3.2) The bucket and stop-watch method was used to calculate the flow rates from the 

three smaller pipes The flow of water from these three pipes was very small, hence suited 

to this technique. A five gallon bucket, calibrated in liters was used to capture the water 

In three different trials, a stop-watch was used to time the filling of the bucket. The flow 

rate was calculated by: 

Q(L/s) = V(L)/t(s) 

The influents from the fourth pipe at pond 18. and pond 9 were determined using 

the Manning Equation The Manning equation is used to calculate flow rates for uniform 

steady flow in open channels in which the top surface of the water is exposed to the 

atmosphere (Mott, 1990). The equation for the volumetric flow rate is as follows. 

Q(m?/s) = (1.00/ri) A R2? S1/2 

Where r\ is the dimensionless resistance factor dependent on the channel surface, R 

is the hydraulic radius in meters, A is the cross-sectional area for flow in square meters, 

and S is the dimensionless channel slope. Pipe dimensions and channel slopes were 

measured using a measuring tape 



Figure 3.2. Drainage into pond 18 consisting of four pipes. 
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3.3 Surface Water Sampling 

Surface waters were collected from the adit, pond seeps, geothermal vents, and the 

above specified ponds. Sub-surface waters were collected from ponds 5, 9, and 11 only. 

The water in pond 18 was only 6 inches deep, hence it was assumed that the difference 

between surface and sub-surface waters would be insignificant. The sampling sites were 

located as close as possible to the point of discharge, where it was assumed the water was 

well mixed. In all cases, four aliquots were taken at each sampling site; three in 1-L 

polyethylene containers, and one in a 1-L glass jar. Preservation techniques and sample 

containers were based on the type of analysis to be performed on each sample aliquot. 

Table 3 .1 summarizes the containers and preservation techniques used for each aliquot. 

Table 3.1: Sample containers and preservation techniques. 

ALIQUOT ANALYSIS TO BE SAMPLE PRESERVATION 
PERFORMED CONTAINER TECHNIQUE 

1 TOC\ TSSb, TDSC 1-L glass jar Unfiltered 
Cooled to 4 °C 

2 Total metals 1-L polyethylene jar Unfiltered 
Acidified"1 

Cooled to 4 °C 
3 Dissolved metals 1-L polyethylene jar Filtered 

Acidified"1 
Cooled to 4 °C 

4 Anions 1-L polyethylene jar Filtered6 
Cooled to 4 °C 

a Total organic carbon; b Total suspended solids; 6 Total dissolved solids; 
d Concentrated HNO3 to pH < 2, 6 0.45 (im membrane. 



3 3 1 Surface Water Sampling Method And Equipment 

Unfiltered surface water samples were collected as grab samples from the surface 

at each location. Filtered samples were collected using a 0.45 micron in-line filter, and a 

peristaltic pump. A Geotech dispos-a-filter (#GD 045700) was inserted in a iine of 

1/8" x 1/8 " Tygon laboratory tubing (formulation R1000). This assembly was then 

attached to a MasterFlex electric peristaltic pump (Model # 7520-00), with a #7017-21 

pump head The entire set-up was powered by an 8000watt Sears Craftsman portable 

generator. .All sub-surface water samples were collected using the pump assembly, 

unfiltered samples without the in-line filter. Pump lines, filters, and sample bottles were 

thoroughly rinsed with the water to be sampled prior to the actual sampling event 

To ensure that the sub-surface samples were taken at the liquid-solid interface, a 

six foot plastic dowel was attached to 2' x 2' plastic base The end of the Tygon tubing 

was then attached to the bottom of the dowel at the base using hose clamps, and the 

apparatus was placed on the sediment surface. This apparatus served a dual purpose, as 

the water level could be marked on the dowel and thus the water depth determined. 

Sampling containers and equipment were cleaned according to specified operating 

procedures described in EPA Publication SW-846, Test Methods for Evaluating Solid 

Waste. Volume 1. 

3 3 2 Surface W7ater Sample Analysis 

Field parameters, such as temperature, pH, redox potential (Eh)5, specific 

conductance, and dissolved oxygen (DO) were measured prior to sampling. The 

'Problems with the Orion Redox Electrode (Model 96-78), both the original and the 
back-up, were encountered when attempts were made to determine the relative 
millivolts. Therefore, this parameter was omitted from the analysis. 
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temperature and pH were determined using an Orion Model 250 Meter. A two point 

calibration, usins buffer solutions with pHs of 4.01 and 7.00 s.u. was performed before the 

pH was measured. The specific conductance was measured using an Orion Model 122 

Meter and an Orion 012210 conductivity cell. Readings from the conductance meter were 

verified in the field using OakTon standard solution. Lot #5-0110 with a specific 

conductance of 1413 pS The DO was measured using an Orion Model 820 Dissolved 

Oxygen Meter with the Orion probe Catalog No. 082010. 
2* . . 

Other field parameters, such as Fe and alkalinity were determined during or 

immediately after the sampling event. Fe2, when measured, was determined 

colorimetrically using CHEMetrics' CHEMet ampule kit #K-6010. The method for 

quantifying results was a visual color comparison with comparator standards. Alkalinity 

was determined using the Hach Method 8221 from the Hach Water Analysis Handbook. 

This is a buret titration using Hach standard 0.16N or 0.02N H2SO4. Since all samples 

had pHs of less than approximately 8.3, only bicarbonate alkalinity was determined. All 

samples were titrated to an end point of pH 4 .8 using the Hach Digital Titrator model 

16900-01. 

Laboratory analysis was performed to determine total metals, dissolved metals, 

total suspended solids (TSS), total dissolved solids (TDS), and sulfate (S042 ) and 

chloride (C1-) anions A 27 metal ICP spectroscopic analysis (EPA Method 3010A/6010) 

was initially performed on the adit and pond 5 surface water samples in order to determine 

the primary contaminants to be analyzed in the remaining samples. Subsequent analysis 

was performed on the same samples for silver, arsenic, cadmium, and lead by Graphite 

Furnace Atomic Absorption (Methods 3020/7761, 7060, 7131, and 7421, respectively); 

and for mercury by Cold Vapor Atomic Absorption (Method 245.1/7470) because of the 

need for lower detection limits6. Results of the initial scans have been provided in the 

Initial ICP, GFAA, and CVAA analysis was performed by Analytica Environmental 
Laboratories, Inc. Broomfield, CO 80021. 



Appendix. From these results, the primary metal contaminants were targeted for analysis 

in the remaining samples7. Table 3.2 provides a summary of analysis performed on the 

remaining samples. 

Table 3.2: Laboratory' analysis of water samples. 

ANALYSIS ANALYTE METHOD 
(digestion anahsis) 

Torai metals bv I CP Ca. Cu, Fe, Mg, Mn. Zn, K. Na EPA 301QA6010 
Dissolved metals bv ICP Ca. Cu. Fe. Mg. Mn. Zn EPA 200.7/3020 
Total and Dissolved metals Cd EPA 3020A3020 
bv GFAA Pb EPA 3020A7421 
.Anions bv 
Ion Chromatograph S04: EPA 300.0 
Auto coiormetncs CI EPA 325.2 
TDS TDS EPA 160.1 
TSS TSS EPA 160.3 

3 4 Sediment Sampling 

Sediment samples were collected from ponds 5, 9, 11, and 18 at the same location 

in the ponds where the water samples were taken. In order to determine the nature and 

composition of the sediment throughout the lifetime of the ponds, it was necessary to 

sample the entire depth of the ponds. This was accomplished by extracting core samples 

from three of the four specified locations, and then segmenting the cores based on visual 

stratification Pond 5 sediments were collected as a grab sample since there was not 

Analysis not performed by Analytica Environmental Laboratories was performed by 
Accu-Labs Research, Inc. Golden, CO 80403. 



enoueh sediment to core. Grab samples where collected using a 5 gallon bucket to scoop 

the sediment up. 

3 4 1 Sediment Sampling Method 

Core samples were collected in 4 inch diameter PVC tubes, from ponds 9. 11. and 
<c» 

18 The samples were collected by placing a tube, fitted with a piston, securely into a 

collar designed with protruding handles (Figure 3.3). The piston was secured to a cable 

issuing from a reel and winch mounted on a raft constructed with a moonhole. The 

bottom of the tube was placed on the surface of the sediment inside the moonhole, and the 

base of the piston was positioned at the water surface. Using the winch, the cable attached 

• to the piston was then pulled taut without disturbing the piston position. The tube was 

manually pushed into the sediment using the. collar handles, causing the piston to move up 

the tube yet remain at the water surface. The action of the piston created a vacuum 

within the tube, stabilizing the cored sample as it was being extracted. Extraction was 

completed by wrapping the cable around the collar handles and pulling the entire assembly 

out using the winch An end cap was fastened to the bottom of the tube as soon as it was 

accessible. 

The cores ranged from 40 to 242. centimeters in length, and a rack was designed to 

hold the core upright during segmentation. Each core was visually inspected for 

stratification, and sampling intervals were determined based on the stratified configuration. 

Samples were extruded out of the top of the core by inserting a second piston in the 

bottom, and using a hydraulic jack to physically pump the samples out (Figure 3 .4). Each 

predetermined interval was gauged with pre-cut 4 inch PVC rings calibrated in 

centimeters. Gallon sized baggies were placed over the top of core during extrusion to 

catch the samples, and minimize exposure to oxidizing conditions. Samples that were too 
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soupy were attained using turkey basters. The samples were immediately cooled to 4°C 

for preservation. 

3 ,4.2 Sediment Sampling Equipment 

The equipment used to perform the coring and segmenting was designed and built 

by Ron Miner and Randy Miner, Research Technicians in the Department of Chemical 

Engineering and Petroleum Refining at the Colorado School of Mines. The coring tubes, 

pistons and collar were provided by Dr. Charles Holmes, a geochemist of the U.S. 

Geological Survey: 

The raft was 10* x 10' square with a 3' x 3* square moonhole directly in the center. 

A quadripod, extending from each corner of the base to the center, was attached to 

support the cores and cable and winch assembly. The base of the raft was constructed of 

3/4 " standard expanded metal grating and edged with 1/8" thick 2-inch angle iron. The 

quadripod was made of 14-gauge, l 'A" square tubing. A 1/8" aircraft cable winch from-

Dutton-Laison Co. (Model #DL 1402) was attached to one leg of the quadripod, and a reel 

was mounted on the top.; Eight 25-gallon metal.barrels were used to keep the entire 

apparatus afloat (Figure 3.5). • 

The rack used to hold the cores during extrusion was 10-feet high, and built of 4-

inch channel iron. It was held to a van with C-clamps, and the cores were held to the rack 

with 3, 4-inch, galvanized .metal conduit clamps (Figure 3.6). A 20-inch tall, 4-ton 

hydraulic jack (Model #H68475) with a 14-inch throw was used to push the sediment up. 

Twelve inch extensions were made with V2" steel pipes, threaded on each end and attached 

with Vi" couplings. Sample collection was performed from the top of the van. The coring 

tubes ranged from 4-10 feet in length, and the pistons and collar were fashioned to tightly 

fit the tubes. 



Figure 3.3. Core sampling apparatus with the piston and collar. 
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Figure 3 .4. Sampling from the top of the core. 



Figure 3 .5. Custom built raft used for coring. Designed by research technicians in the Department of Chemical 
Engineering and Petroleum Refining at the Colorado School of Mines. 



Figure 3 .6. Rack designed to hold the core upright during segmentation. 
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3.4.3 Sediment Sample Analysis 

Chemical and physical analysis for sediments collected included visual descriptions 

of each segment, and determination of water content and total metal concentrations. 

Visual descriptions, performed in the field, consisted of the general consistency, color, and 

odor. Water content was determined for the two longest cores from ponds 11 and 18, in 

order to assess the storage capacity and lifetime of the pond system. The samples were 

analyzed for total metals to ascertain the fate of metals transported into the system. 

Water content determinations were performed at the laboratories in the 

Department of Chemical Engineering, using a BLUE M oven (Model #OV-475A-3), a 

Sartorius analytical scale (Model #1712MP8), and a PYREX brand desiccator. Ceramic 

crucibles were brought to constant weight (in grams to 3 decimal places), in a 250°C 

oven. Samples were then pre-weighed, heated in a 75°C oven, and cooled in a desiccator. 

This process was repeated until the crucibles and samples were at constant weight. The 

lower temperature used to dry the samples was used to ensure that only free water was 

being driven off. 

Total Ca, Cu, Fe, Mg, Mn, Zn, K, and Na were determined using ICP 

spectroscopic analysis (EPA Method 3050A/6010). This analysis was initially performed 

on the top, middle, and bottom segments of each core in order to determine the relative 

homogeneity Of the columns. The consequences of the initial analysis dictated whether 

further inspection was necessary. For those cores whose samples resulted in metal 

concentrations of the same order of magnitude, homogeneity was assumed, and no further 

samples were analyzed. Conversely, cores whose samples exhibited varying orders of 

magnitude merited further analysis. Cores from ponds 9 and 11 were considered 

homogenous. The core from pond 18 required additional sampling throughout the 

column Pond 5 was a grab sample, and only one sample was analyzed. Results of the 

analysis have been provided in the Appendix. 
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3.5 Pore-water Sampling 

Pore-water samples were collected from all sediment samples. In most cases, two 

aliquots were taken at each sampling site; both in 60-ml polyethylene containers. Where 

inadequate samples were available, the single aliquot was collected and the type of analysis 

to be performed was alternated throughout the core. Metals analysis was always 

considered a priority. Preservation techniques were based on the type of analysis to be 

performed on each sample aliquot. Samples to be analyzed for dissolved metals were 

preserved with concentrated HNO3 to a pH < 2 and cooled to 4°C. Samples to be 

analyzed for the anions SO42 and CI", and TDS were cooled to 4°C. 

3.5.1 Pore-water Sampling Method 

Pore-waters were extracted from the sediment samples by placing the sediment in 

Fisher brand 50 ml polypropylene centrifuge tubes with caps (#14-375-150), and then 

centrifuging in a constant speed IEC Clinical Centrifuge, 7100 rpm/5125 G (IEC# 428). 

Each batch was centrifiiged for 15 minutes, and the water drawn off for filtration. A 

47 mm Miliipore microfiltration vacuum assembly with 0.45 pm Millipore filters (#04700), 

was used to filter the samples. A clean 50 ml centrifuge tube was placed in the top of the 

1-L catch flask; where the lip of the tube prevented it from falling all the way through. A 

fritted glass support base, attached to a 300 ml glass funnel with an aluminum clamp fit 

perfectly over the flask and tube Suction was applied to the apparatus using an aspirator 

adapted to a faucet. The entire ensemble was cleaned between samples with 5% HNO3, 

and rinsed thoroughly with distilled water. Sediment samples which appeared anoxic 

(black, or sulfur smelling) were dealt with in a nitrogen atmosphere using a LabConCo 

glove box. 



68 

3.5,2 Pore-water Sample Analysis 

Field parameters such as, temperature, pH, specific conductance, and dissolved 

oxygen (DO) were measured prior to filtering the sample. The temperature, and pH were 

determined using an Orion Model 250 Meter. A two point calibration, using buffers with 

pHs of 4.01 and 7.00 s.u. was performed before the pH was measured. The specific 

conductance was measured using and Orion Model 122 Meter and an Orion 012210 

conductivity cell. Readings from the conductance meter were verified in the field using 

OakTon standard solution, Lot # 5-0110 with a specific conductance of 1413 gS. The 

DO was measured using an Orion Model 820 Dissolved Oxygen Meter with the Orion 

probe Catalog No. 082010. 
2-

Other field parameters, such as Fe and alkalinity were also determined prior to 

filtering however, only samples that produced adequate amounts of water were tested. 
o _ 

Fe , when measured, was determined colorimetrically using CHEMetrics' CHEMet 

ampoule kit #K-6010. The method for quantifying results was a visual color comparison 

with comparator standards. Alkalinity was determined using the Hach Method 8221 from 

the Hach Water Analysis Handbook. This is a buret titration using Hach standard 0.16N 

or 0.02N H2S04. A micro titration technique was developed to conserve sample. All 

samples were titrated to an end point of pH 4.8 using the Hach Digital Titrator model 

16900-01 

Laboratory analysis was performed to determine dissolved metals, total dissolved 

solids (TDS), and sulfate (S04 ) and chloride (C1-) anions. However, due to the small 

sample sizes, metal and anion analysis were alternated. Dissolved Ca, Cu, Fe, Mg, Mn, 

Zn, K, and Na were determined using ICP spectroscopic analysis (EPA Method 

3010A/6010). This analysis and TDS (EPA Method 160.1) were performed on samples 

corresponding with sediment samples analyzed. Sulfate and chloride anions (Methods 
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300.0 and 325.2, respectively were tested for in alternating samples. The results of these 

analysis, as well as a description of which samples were analyzed within the core has been 

provided in the Appendix. 
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Chapter 4 

DISCUSSION OF RESULTS 

4 1 Introduction 

The basic goal of this section is to present and evaluate existing environmental 

conditions at the St. Louis pond site, and to attempt to identify the sources and fates of 

the constituents under investigation. In addition, an engineering approach to the analysis 

of the site will be performed. This analysis provides the necessary design parameters 

needed to propose hypothetical processes for the treatment of the drainage The 

presentation of these processes will be a first approximation of the application of the 

particular technology to this site, and should not be considered a final design. Finally, 

performance of the software programs investigated for modeling the drainage and 

subsequent treatment will be discussed. Only a condensed summary of pertinent data is 

given in this section. The complete results of the sample analysis and all the historical data 

gathered can be found in the Appendix. 

The field work conducted as a part of this study included measuring flow rates 

and sampling surface waters and pond sludge at various locations. These locations have 

been provided in Figure 1.2. The results and subsequent evaluation of the measurements 

and sample analysis are described in the following sections. 



71 

4.2 Flow rate and Water Loss Analysis 

The determination of the location of flow rate measurements was motivated by the 

observation of overflow of drainage from a hyplon-lined channel carrying water from the 

treatment plant to pond 18, the evidence of possible seeps west of pond 18 (Figure 3.1), 

and the existence of geothermal springs in ponds 5 and 6. Since flow rates at these 

locations are not easily measured, three control volumes were established and flow rates 

into and out-of these volumes were determined. This facilitated the use of the following 

material balance for calculating the unknown flow rates: 

d(pV)/dt = m; - mo - mu 

Where p is the drainage density, and is assumed constant, V is the volume of water 

in the control volume at time t, m, is the rate of mass into the system, m<, is the rate of 

mass out of the system, and mu is the rate of unknown mass lost from the system. 

Assuming the system is at steady state (ie: no accumulation of water), and dividing 

by the constant density, the resulting equation simply becomes the difference between 

input and output volumetric flow rates in gallons per minute (gpm): 

Vunknown Vinput ~ Voutput 

The control volumes selected for this analysis were: 

1 The lime treatment plant and hyplon-lined channel, with the adit flow (Vmpm) and the 

influent to pond 18 (Voutput) as input and output, respectively. The unknown flow rate 

(Vunknown) is the overflow from the hyplon-lined channel. 
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2. Ponds 11 through 18, with the influent to pond 18 and the influent to"pond 9 as input 

and output, respectively. The unknown flow rate in this case is the possible seeps west of 

pond 18. 

3. Ponds 5 through 9, with the influent to pond 9 and the CPDES outfall as input and 

output, respectively. The unknown flow rate is the geothermal springs in ponds 5 and 6. 

Table 4.1 provides the measured flow rates with their associated experimental 

error, in addition to the results of the material balances. 

Table 4.1: Flow rate measurements at the St. Louis site. 

Location Flow rate, gpma Experimental error 
Adit effluent 2200 5% 
pond 18 influent 1600 2% 
pond 9 influent 1200 51% 
CPDES outfall 1400 8% 
Channel overflow 600 
Pond 18 seep 400 
Geothermal springs -200b 

"gallons per minute 
The negative value for this flow rate indicates an input to the control 
volume. 
Note: The uncertainty of these values are the result of the propagation 
of systematic errors due to experimental measurements. 

The material balances performed for each control volume has provided an estimate 

of the flow rates of the channel overflow, pond 18 seep, and the geothermal springs. 

However, the experimental error of 51% associated with the pond 9 effluent renders the 

seep and geothermal spring flow rates questionable. This high error was due to the nature 
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of the flow from pond 11 to pond 9. The water flows through a culvert between the two 

ponds, and the location of the inlet in pond 11 was unknown because it was below the 

surface of very murky water. Hence, a rough estimate of the distance of the flow had to 

be made resulting in a flow rate that could be as high as 1800 gpm and as low as 600 gpm. 

The overflow from the hyplon-lined channel is less questionable, since fairly accurate 

measurements of the adit and pond 18 flow rates were attained. 

The most significant observation to be made in these results is the 40% difference 

in the adit and outfall flow rates. Although this difference has been accounted for through 

visible losses due to overflow and seepage, less obvious transport paths need to be 

considered such as infiltration and evaporation. Infiltration through the bottom of the 

ponds directly into groundwater could be considerable, since the ponds have been 

constructed with unconsolidated material and are located within an alluvial aquifer*. 

However, this flow rate is not measurable. 

Evaporation losses, although not easily determined, can be estimated by assuming 

only convective mass transfer is occurring at the air-water interface through a turbulent 

boundary layer created by wind blowing across the pond surfaces. The general equation 

for convective mass transfer is: 

mw = kcA(Cwi - Cw2) 

Where mw is the flux of water leaving the pond surface through the boundary 

layer in kmol/s, Cwi is the concentration of the water in the air at the surface in kmol/m3, 

Cw2 is the concentration of water in the air flowing across the pond, A is the surface area 

available for mass transfer in m2, and kc is the convective mass transfer coefficient in m/s. 

Assuming that the local humidity is zero (ie. there is no water in the air blowing over the 

8 An alluvial aquifer is defined as water bearing sediment deposited by a river in a flood plain 
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ponds, so Cw: = 0), and that the water vapor in the air at the surface of the ponds is ideal, 

a conservative estimate is given by: 

mw= kcA(Pv,p/RT) 

Where Pvap is the vapor pressure of water at the surface of the pond in Pascals and 

dependent on the temperature of the water in the ponds, R is the ideal gas constant given 

as 8314 Pa/Kmol K, and T is the temperature of the water in degrees Kelvin. 

Assuming that the wind blowing across the pond surface simulates flow parallel to 

a flat plate, a correlation for the convective mass transfer coefficient, kc, in m/s, is 

estimated by (Geankoplis 1983): 

kc = 0.036 v Re"0 2 Sc"*3 

Re is the dimensionless Reynolds number given by Lvp/p, L is the length of the 

pond in the direction of flow in meters, v is the velocity of the wind in m/s, p is the density 

of air in Kg/m", and p is the viscosity of air in Kg/m s. The Reynolds number is a 

measure of the turbulence of the air flowing past the pond surface and is determined by the 

ratio of kinetic forces (pv2) to viscous forces (pv/L) in the air stream. 

Sc is the dimensionless Schmidt number given by p/p£U, and p and p are the 

viscosity in Kg/m s, and density in Kg/m3of air, respectively. Dtb is the mass diffusivity of 

water in air in m2/s, and is a measure of the movement of individual water molecules 

through air molecules by means of a concentration gradient. The Schmidt number is the 

ratio of the molecular diffusivity due to the movement of molecules (p/p) to the molecular 

diffusivity due to concentration gradients (£>ab), and it physically relates the relative 

thickness of the hydrodynamic layer and mass-transfer boundary layer. Table 4.2 lists the 

values used in determining the evaporation rates due to convective mass transfer. 
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Table 4.2: Numerical values and their sources used in the determination of the 
evaporation rate due to convective mass transfer. 

Parameter Numerical value Source 

Wind Speed, v 3.83 knots (1.97 m/s) World Wide Web 

ftp://ftp.ncdc.noaa.gov/pub/data/ 

globalsod/august95 .txt 

Wind direction North - South ibid. 

Length of flow. L Varies from pond to pond Figure 1.2 

Surface area. A Varies from pond to pond Figure 1.2 

Viscosity of air. p. 1.98 (10'5) Kg/m s Perry and Chilton 1984 

Density of air, p 1 Kg/m3 Perry and Chilton 1984 

Diffiisivity. Dab 2.5 (10'5) m:/s Pern- and Chilton 1984 

Gas constant. R 8314 Pa/Kmol K Geankoplis 1983 

Vapor pressure. pvap f(T), varied from pond to pond Perry and Chilton 1984 

Temperatures. T Temperature of each pond Table 4.4, and assumptions for 

ponds not measured. 
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In addition to convective mass transfer, evaporation also occurs due to solar 

radiation. The amount of solar energy required to evaporate one cubic centimeter of 

water is 597 calories (Davis and De Wiest 1966). The solar energy received at the earth's 

surface may average more than 700 calories a square centimeter per day (cal/cnTday) in 

desert regions to less than 100 cal/cm2day in polar regions. Furthermore, water reflects 

about 10 percent of this energy (ibid.). Assuming that the Rico area receives 400 

cal/cm2day, the total energy available for evaporation is approximately 360 cal/'cm2day. 

Hence, the total evaporation can also be estimated from these approximations. 

Table 4.3 provides the total surface area of each pond determined from Figure 1.2, 

and the estimated evaporation rates. 

Table 4.3: Surface area and evaporation rates of each pond. 

Pond N-Sa E-\Vb Surface Evaporation rate 
length width Area 

ft ft fr convective radiauve 
gpm gpm 

18 350 200 70000 5 7 
15 400 150 60000 4 6 
14 150 150 22500 2 2 
12 200 150 30000 2 3 
11 150 150 22500 2 2 
9 250 50 12500 1 1 
8 100 250 25000 2 3 
/ 200 175 35000 3 6 
6 150 200 30000 3 3 
5 150 125 18750 2 2 

Total gpm —> 26 35 
"The north-south dimension. 
The east-west dimension 
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The total evaporation due to both convective mass transfer and Solar radiation is 

estimated to be approximately 61 gallons per minute. Although this rate is considerable, it 

still only represents 8 percent of the total loss of 800 gpm. In addition, the rate of 

accumulation of water in the sediment is only approximately 0.3% of the total loss. 

Hence, the majority of the loss is probably due to seeps and groundwater infiltration. 

4.3 Water Quality Analysis 

Water samples were taken throughout the pond system for the purpose of 

determining the efficiency of the lime treatment plant and associated settling ponds. 

, Furthermore, samples were taken at the surface and at the solid-liquid interface to 

ascertain differences, if any, within the water column, and to detect possible redissolution 

of metals from the sludge. Samples were also taken from the geothermal springs located 

in ponds 5 and 6 to observe what effect they may be having on the chemistry of the water 

in these ponds. Finally, samples were drawn from a channel skirting the Dolores River 

west of pond 18 to confirm the presence of possible seepage. 

A thorough analysis of the major constituents found in most natural waters was 

performed on all the samples, and can be found in the Appendix. The data presented here 

consists primarily of those constituents of concern in the CPDES permit (Table 2.1), and 

targeted for remediation. Iron and manganese, although not regulated, have been included 

because of their potential for adsorbing heavy metals. Alkalinity and sulfate ion 

concentrations have been included because of the dominant role they play in the chemistry 

of precipitation. Although silver is regulated on the CPDES permit, the initial scan 

performed on samples taken from the adit and pond 5 indicated that concentrations are 

below the detection limit of 0.0001 mg/L. Therefore, it was not measured in the 
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remaining samples. The results of the initial scan and the detection limits have been 

provided in the Appendix. 

4 3.1 Adit and Pond Water Analysis 

The analysis of total recoverable, dissolved, and suspended metals in the adit and 

pond waters have been presented together in a continuous line plot to facilitate a better 

understanding of the efficiency of the ponds as the water flows through the system. 

Suspended metal values were calculated as total recoverable minus dissolved metals. 

Figures 4.1, 4.2, 4.3, 4.4, 4.5, and 4.6 illustrate these values for cadmium, copper, zinc, 

lead, iron, and manganese, respectively. Furthermore, the values for both the surface 

waters (subscript a) and the interfacial waters (subscript b) have been displayed. Those 

metals regulated under the CPDES permit have also been compared to the 30-day average 

limits for the total recoverable metal. Table 4.4 list the other major constituents of 

concern in the same water including pH, alkalinity, total suspended and dissolved solids, 

and sulfate ion concentrations. The following discussion of metal concentrations is similar 

to observations made by Dr. Lorraine H. Filipek of Schafer & Associates in an 

unpublished report prepared for the Atlantic Richfield Company (Filipek 1995) on samples 

collected in May of 1995. A discussion of the efficiency of the treatment plant and ponds, 

as well as the effect the geothermal waters has on the system will be discussed in a later 

section after the sample analysis has been presented. 

Cadmium, illustrated in Figure 4.1, exists mainly in the dissolved state in the adit 

drainage, and it appears that liming is successfully converting the dissolved metal to 

suspended metal through hydroxide precipitation. Approximately 80% of the total 

cadmium is removed in pond 18, as the concentration of this metal was reduced from 

0.025 mg/L to 0.0058 mg/L. Only about 50% of the remaining cadmium is removed in 
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the rest of the pond system. The concentration at the CPDES out fall is 0.003 mg/L, and 

does not meet the permit limitation of 0.0004 mg/L. Cadmium is one of the more difficult 

metals to remove via hydroxide precipitation because it is extremely soluble relative to the 

other metal hydroxides, and its minimum solubility occurs at a pH of 11.2. The maximum 

pH observed in the pond system occurs in pond 18 with a pH of 8.33 directly after liming 

and gradually decreases to a pH of 7 at the outfall (Table 4.4). Hence, minimum dissolved 

concentrations are never met, and actually increase slightly by pond 5. 

Copper, illustrated in Figure 4.2, exists mainly as suspended solids in the adit 

drainage. Unlike cadmium, copper's minimum solubility occurs at a pH of 8.8, and as the 

pH is increased to 8.33 through liming, 95% of the total copper is removed. By the time 

the water reaches pond 5, 98% of the total copper has been removed. The final 

concentration at the CPDES outfall of < 0.005 mg/L is well below the permit limitation of 

0.024 mg/L. 

Zinc, illustrated in Figure 4.3, exists primarily in dissolved form in the adit 

drainage, at a concentration of 4.3 mg/L. Through liming, the dissolved concentration is 

reduced dramatically, and by pond 11, 95% has been converted to a zinc hydroxide 

suspension and settled out. The remaining suspended and dissolved solid concentrations 

are constant throughout the pond system until pond 5, where the pH drops to 7 causing 

the zinc hydroxide suspension to redissolve The final total zinc concentration of 0.3 

mg/L exceeds the permit limitation of 0.237 mg/L. 

Approximately 70% of the lead concentration, illustrated in Figure 4.4, is in a 

suspended state in the adit water. Similar to the other metals, most of the lead settles out 

in pond 18, and less than 0.005 mg/L of total lead remains in the water. This total 

concentration, which is well below the required permit limitation of 0.0099 mg/L remains 

constant throughout the pond system. 

Iron and manganese are not regulated by the CPDES permit. However, according 

to Dr. Filipek, they play an important role in the adsorption of other heavy metals. The 



Table 4.4: Analytical results of selected constituents for the adit and pond waters. 

Constituent 

Adit 

Surface 

[mg/L] 

Pond 18 

Surface 

[mg/L] 

Pond 11 

Surface 

[mg/L] 

Interface 

[mg/L] 

Pond 9 Pond 5 

Surface 

[mg/L] 

Interface 

[mg/L] 

Surface 

[mg/L] 

pH, s.u. 

Alkalinity as CaC03 

TSS 

TDS 

Sulfate 

Temperature, C 

6.29 

77 

42 

820 

420 

18.6 

8.33 

70 

5 

820 

350 

18.1 

8.13 

69 

5 

860 

530 

17.1 

8.12 

67 

5 

840 

550 

17.1 

8.18 

68 

5 

830 

310 

17.6 

7.92 

66 

5 

t 840 

310 

17.9 

6.91 

98 

5 

890 

570 

19.3 



0.0250 
0.0240 
0.0230 
0.0220 
0.0210 
0.0200 
0.0190 
0.0180 
0.0170 
0.0160 
0.0150 
0.0140 
0.0130 

1 0.0120 
0.0110 
0.0100 
0.0090 
0.0080 
0.0070 
0.0060 
0.0050 
0.0040 
0.0030 
0.0020 
0.0010 
0.0000 

•Total 

• Dissolved 

Suspended 

•30 day avg limit 

Adit Pond 
11 a 

Figure 4.1: Cadmium concentrations in the adit and pond water. The total recoverable, dissolved, and suspended 

concentrations in both the surface and interfacial samples are compared with the CPDES permit limitations. 
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Figure 4.2: Copper concentrations in the adit and pond water. The total recoverable, dissolved, and suspended 

concentrations in both the surface and interfacial samples are compared with the CPDES permit limitations. 
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Figure 4.3: Zinc concentrations in the adit and pond water. The total recoverable, dissolved, and suspended 

concentrations in both the surface and interfacial samples are compared with the CPDES permit limitations. <*, 
Ui 
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Figure 4.4: Lead concentrations in the adit and pond water. The total recoverable, dissolved, and suspended 

concentrations in both the surface and interfacial samples are compared with the CPDES permit limitations. 
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Figure 4.5: Iron concentrations in the adit and pond water. The total recoverable, dissolved, and suspended 

concentrations in both the surface and interfacial samples are presented. 
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Figure 4.5: Manganese concentrations in the adit and pond water. The total recoverable, dissolved, and suspended 

concentrations in both the surface and interfacial samples are presented. 
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elevated concentrations of iron and manganese provide the necessary surface area to 

enhance coprecipitation Hence, the total, dissolved, and suspended concentrations for 

iron and maneanese are illustrated in Figures 4.5 and 4.6, respectively. Virtually all the 

iron in the adit sample exists as suspended solids, and by pond 11 approximately 96°/o has 

settled out resulting in a final concentration in pond 11 of about 0.7 mg/L. It is this iron 

hydroxide precipitate that gives the upper ponds their characteristic orange coloration, 

which is not observed in pond 5 through 9. Only 50% of the remaining suspended iron is 

removed in the lower ponds, resulting in a final concentration of 0.36 mg/L at the outfall 

Dissolved concentrations are virtually non-existent at this point. 

Contrary' to iron, manganese is primarily in the dissolved form in the adit water. 

However, as the pH is increased to 8.33 through liming, approximately 50% of the 

manganese is converted to an insoluble hydroxide form and deposited in pond 18. The 

dissolved concentration of about 1.7 mg/L remains relatively constant throughout the 

ponds until the water reaches pond 5, at which point a slight decrease has been observed 

A comparison of surface and interfacial samples for each pond examined, indicates 

only subtle differences between the two. The most observable differences occurred in 

pond 9. and consisted primarily of an increase in suspended solids at the sediment 

interface This could be due to a concentration gradient that develops as the metals settle 

However, a more plausible reason for the differences is the sampling technique used. It 

was necessary to wade out into the pond to place the sampling apparatus at the bottom. 

This, more than likely disturbed the sediment causing an increase in the suspended metal 

concentrations. 
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4.3.2 Geothermal Springs and Pond Seeps 

The results of the water analysis performed on the geothermal springs located near 

ponds 5 and 6 have been provided in Table 4.5. By comparing these results with pond 5 

results, a general understanding of the effect the springs may have on water quality can be 

attained. The spring waters have extremely low concentrations of all the permitted metals 

(Cd, Cu, Pb, and Zn) However, dissolved concentrations of the same constituents in the 

pond 5 samples have increased while total concentration remained fairly constant This is 

probably due to the fact that the spring water with a pH of about 6.5 is mixing with pond 

water with a pH of about 8, resulting in a lower pH at the outfall. Due to the amphoteric 

nature of metal hydroxides, a decrease in pH will cause the suspended material to 

redissolve The exceptions to the above discussion are lead which was essential removed 

from the water in the upper ponds, and copper which displays an overall concentration 

reduction probably due to dilution by the spring water. In addition to the change in metals 

concentrations, alkalinity, TDS, and sulfate ion concentrations have increased in pond 5. 

The spring water concentrations of these constituents is considerable and has caused the 

pond 5 values to increase. 

Finally, water samples were taken from a channel of the Dolores River west of the 

ponds to confirm possible seepage from the system Results from the analysis can be 

found in Table 4 .6. After examining the results of the analysis of samples taken upstream 

and downstream from the apparent seep, seepage from the ponds cannot be confirmed. 

Since the entire area is geothermally active, it is entirely possible that the presence of the 

orange iron hydroxide precipitate in this channel occurs due to seepage from additional 

geothermal springs. Several constituents in the analysis tend to confirm the source as 

geothermal springs such as an increase in temperatur . a decrease in pH, and no change in 

cadmium, copper, and lead concentrations However, an increase in the other metals 

tends to support seepage from the ponds. 
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Table 4.5: Analysis of the geothermal springs. 

Constituent Pond 5 Pond e 

[mg/L] [mg/L] 

Cadmium, Total <0.0001 <0.0001 

Cadmium, Dissolved <0.0001 <0.0001 

Calcium. Total 650 720 

Calcium. Dissolved 610 690 

Copper, Total < 0.005 < 0.005 

Copper, Dissolved < 0.005 < 0.005 

Iron, Total 18 

Iron, Dissolved 7.1 5.6 

Lead. Total <•0.005 < 0.005 

Lead, Dissolved <0.005 < 0.005 

Magnesium, Total 92 100 

Magnesium, Dissolved 86 97 

Manganese, Total 1.1 1 

Manganese, Dissolved 1 1 

Zinc, Total 0.09 0.09 

Zinc, Dissolved 0.07 0.07 

Sulfate 970 1100 

TSS 290 58 

TDS BOO 2800 

Alkalinity as CaC03 1014 1014 

pH, s.u. 6.54 6.56 

Temperature, C 34.5 45.3 



Table 4.6: Analysis of channel samples taken up and downstream of observed seepage 

Constituent . Upstream Downstream 

[mg/L] [mg/L] 

Cadmium, Total <0.0001 < 0.0001 

Cadmium. Dissolved < 0.0001 <0.0001 

Calcium, Total 53 74 

Calcium, Dissolved 49 69 

Copper, Total < 0.005 < 0.005 

Copper, Dissolved < 0.005 < 0.005 

Iron, Total 0.04 0.34 

Iron, Dissolved 0.03 0.24 

Lead, Total < 0.005 < 0.005 

Lead, Dissolved < 0.005 < 0.005 

Magnesium, Total 6.2 8.8 

Magnesium. Dissolved 5.6 8 

Manganese. Total 0.011 0.58 

Manganese, Dissolved 0.007 0.52 

Zinc, Total 0.007 0.029 

Zinc, Dissolved 0.005 0.024 

Sulfate 59 130 
TSS 5 5 
TDS 200 290 

Alkalinity as C .CO? 86 79.6 
pH, s.u. 8.40 7.50 

Temperature. C 11.6 15.6 
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4 4 Core Sample Analysis 

Lime treatment of the St. Louis adit drainage has been occurring since 1984. 

Moreover, the resulting metal hydroxide sludge has been deposited in the settling ponds 

during the entire 12 years of operation. Hence, ideal conditions exist for analyzing the 

long-term effect of this type of treatment on the fate and transport of metals in the sludge 

Analysis of the sludge focuses primarily on determining the type, relative quantity, and 

stability of the metals in the sludge, the compaction of the sludge with depth, and whether 

diagenetic processes9 are occurring in the ponds. 

In order to determine these long-term effects, it was necessary to sample the entire 

depth of sludge. Therefore, core samples were taken from ponds 9, 11. and 18, and a 

grab sample was taken from the pond 5 sediment, where little or no sludge has been 

deposited Prior to segmenting the cores into smaller sample sizes, each was visually 

inspected to determine if stratification within the column was occurring. The cores were 

then segmented for pore water extraction and metals analysis Results from the pore 

water analysis can be found in the Appendix, and only those values that help to support 

this discussion will be presented here. 

4 4 1 Visual Description of Cores 

Table 4 .7 provides a description of each of the cores taken, as well as the total 

depth of water and sludge within each pond. In addition, photographs of the each of the 

cores has been provided in Figures 4.7 through 4.11 It was hoped that the sludge would 

experience reducing conditions at deeper levels in the ponds. If this was the case, then 

9 Diagenesis refers to the process of physical and chemical change in deposited sediment during its 
conversion to rock. 



black sulfur smelling sludge characteristic of metal sulfides would be predominant, 

indicating diagenetic processes were occurring. However, it has been observed that pond 

11 through 18 contain an orange, gelatinous, homogeneous mixture of metal hydroxides 

with occasional swirls and blebs of darker and lighter material. The pond 18 core, 

illustrated in Figure 4.10, was the most homogenous of the cores taken. It contained 

some lighter colored swirls but no black color was indicated. However, this core did 

contain the dark brick-red calcine tailings in the last five centimeters (Figure 4.11). The 

pond 11 core, illustrated in Figure 4.9, contained more of the darker swirls than the pond 

18 core, and no calcine tailings were evident The pond 9 core, illustrated in Figure 4.8, 

appears darker and contains some black, sulfur-smelling blebs distributed throughout the 

column The pond 5 grab sample, illustrated in Figure 4.7, appears to be mostly pond 

scum It was brownish in color but contained some orange specs. All of the cores were 

soupy at the top of the .column, becoming more gelatinous further down. At the bottom 

of each core, the sludge was more compacted and had a clay like consistency. 

Pond 18 contained the deepest sludge. This depth gradually became smaller 

throughout the pond system, confirming the earlier analysis that most of the precipitate 

and iron hydroxide floe is settling in ponds 11 through 18. 



Table 4.7: Description of the cores taken from ponds 5, 9, 11, and-18. 

Location Sludge/water depth Core length Description 

Pond 18 Core 
305 cm/15 cm 
(10 ft. / 6 in.) 

243 cm 
(8 ft.) 

A burnt orange color was predominant throughout 
the column, except for the last six centimeters which 
was dark brick-red! This is probably remnants of 
calcine tailings from the acid plant. Contained some 
swirls and specks of both yellow and red. 

Pond 11 Core 
180 cm / 150 cm 

(6 ft. / 5 ft.) 
160 cm 
(5 ft.) 

The entire core was orangish/brown in color with a 
small amount of brick-red and black swirls 
throughout the column. There was no apparent 
sulfur odor. 

Pond 9 Core 
61 cm / 86 cm 
(2 ft. / 3 ft.) 

40 cm 
(1.5 ft.) 

Consisted primarily of orange sediment, but there 
were definite coal black blebs and some brownish silt 
mixed with plants. It was slightly sulfur-smelling. 

Pond 5 Grab sample 
15 cm/30 cm 
(6 in. /1 ft.) 

Appears to be pond scum. It was slimy and 
grab sample brownish in color with some orange specs. Sample 

contained a small amount of plants. 



Figure 4 .7: Photograph of the grab sample from pond 5 sediments. SO 



Figure 4.8: Photograph of the core taken from pond 9. 



Figure 4.9: Photograph of the core taken from pond 11. 
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Figure 4.10: Photograph of the core taken from pond 18. 



Figure 4.11: Photograph of the calcine tailings in the bottom of the core from pond 18 
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4.4.2 Metals Analysis of the Cores 

Since the cores appeared homogeneous, only representative samples from the top, 

middle, and bottom of each core and associated pore waters were analyzed for metal 

concentrations, and other relevant constituents. Figures 4.12, 4.13, 4.14, and 4.15 

illustrate the metals concentrations in the sediment and pore waters for ponds 5, 9, 11, and 

18, respectively. These concentrations are also listed in the Appendix. From these bar 

charts it appears that most of the metal concentrations are equal, within the 20% error 

dictated by the analytical laboratory. The slight increase in Cd, Cu, Pb, and Zn in the 

upper half of the pond 18 core could indicate the change in liming techniques that 

occurred in 1986, providing more efficient metal removal with a slaking reactor as 

apposed to simple lime addition. However, it will be assumed that the cores are 

approximately homogeneous throughout the column, and the remaining analysis will be 

based on this assumption. 

Table 4.8 contains a distribution of each metal found in each of the pond sediment 

samples. Since homogeneity has been assumed for the cores taken from ponds 9, 11, and 

18, an average concentration within the core was used. These percentages are relative to 

the total metal concentration in each core. 

Table 4 .8: Comparison of metal concentrations relative to the total concentration in each 
pond. 

Constituent Pond 5 Pond 9 Pond 11 Pond 18 
Cadmium 0.09% 0.04% 0.06% 0.04% 
Calcium 8.67% 29.40% 10.23% 48.49% 
Copper 0.32% 0.31% 0.67% 0.51% 
Iron 48.18% 54.19% 68.55% 35.24% 
Lead 0.14% 0.14% 0.32% 0.11% 
Magnesium 2.12% 1.04% 1.42% 5.14% 
Manganese 31.80% 7.03% 6.06% 2.60% 
Zinc 8.67% 7.84% 12.70% 7.87% 
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Figure 4.12a. Metal concentrations in pond 5 sediment sample. 

Figure 4.12b. Metal concentrations in pond 5 pore water sample. 

Concentrations are also listed in the Appendix. 



101 

Figure 4.13a. Metal concentrations in pond 9 sediment samples. 

Figure 4.13b. Metal concentrations in pond 9 pore water samples. 

Concentrations are also listed in the Appendix. 
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Figure 4.14a. Metal concentrations in pond 11 sediment samples. 

Figure 4.14b. Metal concentrations in pond 11 pore water sample 

Concentrations are also listed in the Appendix. 
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Figure 4.15a. Metal concentrations in pond 18 sediment samples. 

Figure 4.15b. Metal concentrations in pond 18 pore water samples. 

Concentrations are also listed in the Appendix. 
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Despite the fact that metal concentrations appear to be similar within each 

individual core, a comparison of concentrations from pond to pond indicate some 

variability. The sediments in ponds 9, 11, and 18 contain mostly calcium and iron floe. 

However, manganese and zinc also have a strong presence. Although pond 5 also 

contains elevated concentrations of iron, high concentrations of manganese rather than 

calcium accompanies the iron. In fact, it appears that manganese concentrations gradually 

increase in the sediment in the downstream direction. The concentrations of cadmium, 

copper, and lead are virtually non-existent relative to the other metals in all the ponds. 

Pore waters for all the core samples are elevated in calcium. However, in samples 

from ponds 5 and 11 zinc is the next predominant metal. In ponds 9 and 18 manganese is 

the second most predominant metal. All the pore waters tend to be low in cadmium, 

copper, and lead, but higher in zinc. 

Probably the most important quality of any sludge is its stability. Those sludges 

that pass the Characteristic Leaching Procedure (TCLP) test are considered non-

hazardous, and thus are much easier to dispose of. In late May of 1995, PTI 

Environmental Service of Boulder, Colorado sampled and tested surficial sediments in 

ponds 5, 11, and 18. (Filipek 1995). The TCLP extractable metal concentrations from this 

test along with concentration limits are given in Table 4.9 (ibid.). 

Table 4.9: Concentrations of sediment TCLP extracts.. 
Source: Filipek 1995. 

METAL POND 5 
9?g/L 

POND 11 
B8& 

POND 18 
mg/L 

TCLP LIMIT, 
mg/L 

Barium 0.5 <0.4 <0.4 100.0 
Cadmium <0.01 0.02 0.03 1.0 
Chromium <0.01 <0.01 0.01 5.0 

Lead 0.5 <0.05 <0.05 5.0 
Mercury <0.0002 < 0.0002 < 0.0002 0.2 

Silver <0.01 <0.01 < 0. 01 5.0 
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These results clearly indicate that the surficial sediments can be considered stable, 

but it does not confirm that the entire depth of sludge is also stable. Perhaps the dredged 

sediments located in the new pond north of the site would provide a more representative 

sample for TCLP test. This test was not performed in this study. 

4 4 ? Solids Content Determinations and Density Estimation of the Cores 

The solids content and density have been determined for cores taken from ponds 

11 and 18. Results from the laboratory analysis and estimation of these parameters for 

each core were combined to determine the average density of the sludge, and a 

mathematical relationship between pond depth and moisture content. Table 4.10 contains 

the results of the bulk density estimations, and Figure 4.6 illustrates the functional 

relationship between the moisture content of the sludge and depth. 

Bulk densities of the individual sludge samples were estimated to be the weighted 

average of the water and solids in the sample: 

Pbulk ~~ XtolidPsolid XwaierPwatcr 

Here, the mass fraction of the solid is the percent solids determined analytically, 

and the density is assumed to be the average of the density of calcium carbonate (SG = 

1.7) and iron hydroxide (SG = 3.2). By calculating the bulk densities in this fashion, the 

estimated values increase with increasing depth, as was observed of the cores in the field. 

The moisture content was determined experimentally by heating the sample enough 

to drive off any free water present, and then calculating the difference between the wet 

weight and dry weight of the samples. The resulting exponential fit, Figure 4.16,.is 

consistent with observations of marine and lake sediments (Berner, 1980). 



Table 4.10: Bulk density estimates for the combined cores from 
ponds 11 and 18. 

Average core Bulk Average core Bulk 
depth, cm Density. depth, cm Density, 

Kg/'m3 Kg/m~ 

5 1085 
12 1094 
12 1078 
16 1062 
20 1064 
24 1106 
26 1091 
28 1137 
30 1089 
31 1145 
38 1133 
41 1267 
48 1110 
51 1238 
58 1148 
61 1183 
68 1423 
71 1114 
78 1104 
81 1078 
88 1191 
88 1123 
96 1129 
98 1303 
106 1147 
108 1157 

112 1092 
118 1083 
118 1144 
128 1079 
128 1177 
134 1279 
136 1239 
140 1277 
141 1266 
145 1425 
149 1282 
150 1247 
153 1128 
158 1220 
160 1164 
170 1169 
180 1278 
190 1259 
200 1265 
210 1178 
217 1227 
221 1298 
225 1241 
229 1351 
233 1392 

Average bulk density => 1187 
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Figure 4 .16: Moisture content of the sludges in ponds 11 and 18 
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4.5 Engineering Design Analysis 

An engineering analysis of the physical properties of the pond system was 

performed. This involved the application of scientific and mathematical principles, 

resulting in practical design parameters for use in analyzing and proposing improvements 

in the efficiency of the system. The results provided here include an estimate of the empty 

and sludge volumes of the ponds, an evaluation of historical flow rate data for the 

development of stabilization basin parameters, and a correlation between the residence 

time of water in the system and the effective volume. 

4,5.1 Estimate of Empty and Sludge Volumes of the Ponds 

The pond volumes were estimated by applying both geometric and trigonometric 

functions to dimensions measured at the site and from the site topography map (Figure 

1.2) and are listed in Table 4.11. Site measurements included both total and sludge depths 

in ponds 5,9. 11 and 18 (Table 4.7). The depths of the remaining ponds were 

extrapolated from these values. The site topography map provided the surface area of 

each pond (Table 4.3) 

The geometry of each pond was assumed to be similar to the frustum of a right 

circular cone (Figure 4.17), having a volume of: 

V = 1/3 7i h (n2 + nr; + r22) 

Here, h is the measured depth of the ponds, n is the radius of the assumed circular 

surface estimated by the topography map, and r2 is the radius of the bottom of the ponds. 

Neither the radius of the bottom of the ponds or the lengths (S) of the berms were 
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Figure 4.17: Assumed geometry of the ponds. 

measured However, by assuming the slope of the berm is 1 and recognizing that the 

length of the hypotenuse of a right triangle is equal to the square root of the sum of the 

sides squared, the berm length and bottom radius can be calculated as follows: 

S = (2)1/2 h 

r: = r, - (S2-h2)1,2 

Results from this calculation indicate that the total empty pond volume is 

2,810,000 cubic feet, and the total volume of sludge in the ponds is 1,840,000 cubic feet 

(Table 4.11). 
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Table 4.11: Estimated volume of the ponds and sludge. 

Empty- Sludge volume. 
Pond Volume, ft3 ft5 

18 780,000 660,000 
15 660,000 560,000 
14 240,000 130,000 
12 320,000 170.000 
11 240,000 130,000 
9 70,000 30,000 
8 150,000 50,000 
7 200,000 70,000 
6 90,000 30,000 
5 60.000 10.000 

Total 2.810.000 1.840.000 

4,5.2 Stabilization Pond Parameters 

A stabilization pond was considered for this site due to the large seasonal 

variability of flow rates. Data gathered from monitoring reports at the treatment plant in 

Rico, Colorado, indicate that flow rates in May, June, July, and August can be as much as 

two times higher than any other time of year. Figure 4.18 illustrates the monthly average 

flow rates at the CPDES outfall, for nine of the last twelve years Tabulated values have 

been provided in the Appendix. For the purpose of determining stabilization basin 

parameters, the monthly flow rates were averaged over 9 years. These averages are 

displayed in Table 4.12. 

The design parameters determined for a stabilization pond at this site, included the 

necessary pond volume, and the required uniform effluent from this pond. These 

parameters were calculated numerically by the application of a material balance around a 

proposed pond. 



2.50 

£ 2.30 

•8 
I 1 r i t i f 1 1 ti 

fc 1 f & 
CO 

O 
o I 

Figure 4.18: Flow rates measured at the CPDES Outfall, 1984-1996. 

* 1996 is only through June. 
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Table 4.12: Nine year average of monthly flow rates measured at CPDES Outfall 002, at 
the St. Louis settling ponds. Adit flow rates are typically 40% larger. 

MGD" 

January 0.92 
February 0.95 
March 0.90 
April 1.02 
May 1.11 
June "* 1.25 
July 1.35 
August 1.22 
September 1.16 
October 1.09 
November 1.05 
December 1.01 

2 Million gallons per day 

Recognizing the control volume as the proposed stabilization pond, and the sole 

input and output values as the adit drainage (Qin), and the yet undetermined uniform 

effluent (Qout), respectively, the material balance becomes: 

dS/dt - Qout 

In this derivation, dS/dt is the accumulation of water over time in the storage 

basin, and it has been assumed that the density of water is constant. Multiplying both 

sides by dt, and substituting finite time increments (At) equal to the number of days in a 

given month, the resulting equation is: 

AS = (Qi„ - Qout) At 
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The units associated with each term are now in volumes instead of volumetric flow 

rates. Hence, by subtracting the monthly input and output volumes and summing over the 

months of the year where the influent is greater than the effluent, the required volume can 

be determined. This has been illustrated graphically in Figure 4.19. and is accompanied 

with the tabulated calculation. The area between the curves where the adit drainage is 

greater than the uniform effluent, is the required volume of a pond to stabilize the flow In 

essence, this summation procedure is the integral between the two volume curves 

Because the uniform effluent was also unknown, the equation had to be solved 

repeatedly, by selecting a uniform flow, and calculating the required storage volume, until 

a minimum value was reached. The constraint of the iteration was that XAS. could 

increase or decrease throughout the calculation, but it could never be less than zero. This 

would be a physical impossibility, since at zero the pond would be empty. 

Results indicate that the minimum volume requirement for stabilizing the adit 

drainage would be approximately 20 million gallons (2.8 million cubic feet), with a 

uniform effluent flow of 1.09 million gallons per day (757 gpm). To put this into 

perspective, the total empty volume of the entire pond system is approximately 21 million 

gallons. Hence, a stabilization pond would require approximately 95% of the total volume 

of ponds currently existing at the site. Moreover, this estimate was based on the CPDES 

Outfall flow rates which appears to be approximately 40% lower than the adit drainage 

flow rates Hence, this estimate is lower than what would actually be needed, but does 

demonstrate that the area needed to stabilize seasonal flows is considerable. 
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Unilorm Monthly Annual 
Uniform effluent storage storage 

Adit monthly effluent flow Days in Adit monthlv monthly requirement requirement 
Month flow rate. MGD" rate. MGD the month volume. MG1- volume. MG AS. MG SAS. MG 

May 1.11 1.087 31 34.41 33.68 0.73 0.7.3 
June 1.25 1.087 30 37.50 32.60 4.91 5.63 
July- 1.35 1.087 31 41.85 33.68 8.17 13.80 
August 1.22 1.087 31 37.82 33.68 4.14 17.94 
September 1.16 1.087 30 34.80 32.60 2.21 20.15 
October 1.09 1.087 31 33.79 33.68 0.11 20.25* 
November 1.05 1.087 30 31.50 32.60 -1.10 19.16 
December 1 01 1.087 31 31.31 33.68 -2.37 16.78 
January 0.92 1.087 31 28.52 33.68 -5.16 11.62 
February- 0.95 1.087 28 26.60 30.42 -3.82 7.80 
March 0.90 1.087 31 27.90 33.68 -5.78 2.02 
April 1 02 1 087 30 30 60 32 60 -2 no 0 02 
•Required volume of a stabilization pond 
'Million gallons per day 
bMillion gallons 

Figure 4.19: Graphical representation of stabilization volume requirements and the 
accompanying numerical integration. 
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4.5.3 Analysis of the Water Retention Time and Effective Settling Volume in the Ponds 

Sedimentation is utilized at the St. Louis site for the removal of coagulated and 

flocculated panicles from the water prior to discharge into the Dolores River. The theory 

of sedimentation is the theory of the effect of gravity on the panicles suspended in the 

water Given enough time in the settling ponds, panicles having a density greater than 

water will settle under the influence of gravity. Therefore, the effluent quality is strongly 

dependent on the retention time of the water in the system. However as the ponds fill with 

sludge, short-circuiting occurs and the retention time is reduced, resulting in higher metals 

concentrations down stream. Eventually, the constituents of concern will find their way 

into the river, as the volume available for settling (effective volume, Ve) declines. 

A correlation between the retention time and effective volume of the ponds at the 

St Louis sue has been established to demonstrate the limited lifetime of the ponds under 

the current treatment conditions. This correlation was developed by performing a material 

balance on ponds 11 through 18, with the adit drainage and the CPDES outfall as the 

input and output, respectively Only the upper ponds in the system were selected because 

of observations that a majority of the metals and solids are settling in these ponds, and the 

reduction in residence time is most likely occurring there. 

By assuming that the system is at steady state with respect to water, pseudo-steady 

state conditions are established where only the accumulation of solids is occurring. 

Assuming further that the density of the sludge in the ponds is constant, and substituting 

an incremental time interval of 1 year (At) for dt, the resulting material balance on the 

svstem is: 

AVt = (msm-m50U,)/ps At 
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Here (msm-nw)/ps is the accumulation of sludge in the system over one year, in 

ft3/year. This value is easily calculated from the previously determined volumes in Table 

4.11, and is equal to the total sludge volume in Ponds 11-18 divided by twelve years. It 

has been assumed that the sludge has accumulated due solely to the twelve year operation 

of the lime treatment plant, and primarily in ponds 11 through 18. Alternatively, the 

liming rates and metal loading rates could be used as input terms. However, metal loading 

rates over the last 12 years are not known. By summing this value over several years the 

effect is a filling of the ponds, and a reduction of the effective volume by the equation: 

Ve = VT - IAVS 

Here VT is the total empty volume of the ponds 11 through 18, in ft* (Table 4.11V 

The retention time (x) can then be calculated for each successive year of operation by 

dividing the effective volume by the flow rate of water into the system (Qv,): 

x = \7 Q* 

Here Qu is assumed to be constant and equal to the average of the nine year 

average of monthly flow rates measured at CPDES Outfall 002, and listed in Table 4.12. 

Figure 4.20 illustrates the reduction of the residence time through twelve years of 

operation and is accompanied by the tabulated calculations of the effective volume. 

Although this is a crude estimate of these parameters, it demonstrates the importance of 

maintaining enough volume in the ponds to facilitate gravitational settling. 

Based on these calculations, it appears that the residence time has decreased by 

74% In addition, if liming continues as is, these ponds could be full in as little as 4 years. 
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Years of operation 

Emptv volume of the ponds II through IS (Vt) = 2.240,000 ft"1 
Average annual adit flow rate (Qw) = 145,000 ft3/day 

Year 

Annual soiias 

production 

Vs. ft3 

Cummulauon oi soiias 

~m ponds 

Vs, ft3 

Effective volume, Ve 

(Vt - Vs), ft3 

Residence time. • 

Ve/Qw. days 
0 0 0 2.240.000 15.45 
1 137.500 137,500 2.102,500 14.50 
2 

o
 

o
 

l/*t r • 
ro 

275.000 1.965.000 13.55 
3 o

 
o

 

412.500 1.827.500 12.60 
4 13",500 550.000 1,690.000 11.66 
s 137.500 687.500 1.552.500 10 71 
6 137,500 825,000 1,415,000 9.76 

137.500 962,500 1.277.500 8.81 
S 137.500 ' 1.100.000 1,140.000 7.86 
9 137,500 1.237,500 1,002,500 6.91 

10 137,500 1,375,000 865,000 5.97 
11 137.500 1,512.500 727,500 5.02 
12 137,500 1,650,000 590,000 4.07 
13 137,500 1,787,500 452,500 3.12 
14 137,500 1,925,000 315,000 2.17 
15 137.500 2.062.500 177,500 1.22 
16 137.500 2.200.000 40.000 0.28 

Figure 4.20: Residence time of the drainage in ponds 11 through IE over sixteen years of 
lime treatment and settling, with accompanying effective volume calculation. 
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4 6 Modeling Results 

Geochemical and process modeling was performed on the adit drainage and lime 

treatment plant, respectively. The purpose of the geochemical modeling was to gain a 

better understanding of the chemical state of the constituents in the mine water. In 

addition, results from this model provided information regarding the chemical reactions 

occurring, and the type of solids that could potentially precipitate. 

Results from the geochemical modeling were then used to investigate the 

applicability of a chemical engineering process model to the lime treatment of the 

drainage It was hoped that the process modeling would provide a predictive tool for use 

in determining the applicability of alternative processes, in addition to optimizing the 

current treatment plant. 

This section provides a discussion of the models used, the input parameters 

required for each model, and the subsequent results. 

4 6 1 Geochemical Modeling with MINTEOA2 

Geochemical modeling was performed using MINTEQA2 version 3.11, distributed 

by the International Ground Water Modeling Center (IGWMC), at the Colorado School 

of Mines. Table 4.13 lists the input parameters conveyed to the model. These values are 

those measured from samples taken at the St. Louis adit prior to liming. In addition to 

those constituents listed, the Davies equation was selected as the method for computing 

activity coefficients. 

Results from the MINTEQA2 modeling pertinent to this study included a 

distribution of the components in the dissolved state (Table 4 .14), as well as the saturation 
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index of potential solids (Table 4 .15) The saturation index is the logarithmic ratio of the 

ion activity products and the equilibrium formation constant for a specified solid in a given 

precipitation reaction, and indicates the saturation state of the solid. Positive values 

suggest that the water is supersaturated for this component and precipitation will occur 

Negative values suggest the water is undersaturated and the component will remain in the 

dissolved state unless equilibrium shifts to a state more favorable for precipitation. 

In addition to providing an approximation of species present for use in the process 

model, these results provide some insight into the nature of the adit drainage. For 

instance, the orange floe present in the drainage is probably iron and manganese 

hvdroxides and manganese carbonate. These are the solids that exhibit a positive 

saturation index. Furthermore, most of the metals are present in the dissolved state as 

either free ions, or hydroxide, carbonate, and sulfate complexes. Chloride and sodium 

don 't appear to play a significant role in the overall chemistry of the drainage This is 

consistent with the water quality data which indicates that chloride and sodium are 

relatively constant throughout the ponds. 



Table 4.13: Input parameters for MINTEQA2 geochemical modeling. 

Parameter Value 

Temperature. °C 18.6 

pH, s.u. 6.29 

Alkalinity, mg/L as CaCO? 77.2 

Cd2~, mg/L 0.025 

Ca2~, mg/L 210 

Cu2", mg/L 0.31 

Fe'~, mg/L 16 

Pb2\ mg/L 0.018 

Mg2", mg/L 20 

Mil'*, mg/L 3.2 

Zn2~, mg/L 4.4 

K", mg/L 1.5 

Na", mg/L 7.1 

S042", mg/L 420 

CL", mg/L ** J 



Table 4.14: Percentage distribution of constituents in the St. Louis adit drainage as 
predicted bv MINTEQA2 equilibrium modeling 

Constituent Distribution 
Cd2" 72% Cd2" 

23% CdS04 aq 
4% CdHCO? 

Ca2" 82% Ca2" 
18% CaS04 aq. 

Cu2" 60% Cu2" 
11% CuCO? aq. 
3% CU(OH)2 aq. 
13% CuS04 aq. 
12% CuHCO?" 

Fe5" 98% FeOH: 

2% Fe(OH)? aq 
. Pb2' 38% Pb2* 

25% PbS04 aq. 
23% PbCO? aq 
12% PbHCO," 

Mg2" 83°/O Mg2" 
16% MgS04 aq 

Mn?~ 100% Mn?" 
Zn2" 76°/O Zn2" 

19% ZnS04 aq 
4% ZnHCO?" 

K* 99% K* 
1%KS04" 

Na' 100% Na" 
S042" 75% S042" 

3% MgS04 aq. 
22% CaS04 aq. 

C032' 51% HCO?" 
48% H2COJ aq. 
1 % CaHCO?* 

IT 35% HCO?" 
65% H2C03 aq. 

CR 100% CI" 



Table 4.15 Saturation indices of potential solids in the St. Louis adit drainage 
predicted by MINTEQA2 equilibrium modeling. 

Potential Solid Saturation Index 
Cd(OH)2 -8.150 
CdCO, -0.583 
CdS04 -9.928 
Cu(OH)2 -3.713 
CuS04-5H20 -7.456 
Pb(OH)2 -4.055 
PbCO? -2.286 
PbS04 -3.146 
Zn(OH)2 U.000 
ZnC03 -1.505 
ZnS04-7H20 -5.229 
Fe(OH)? 2.185 
FeO(OH) 6.344 
MnO(OH) 14.319 
Mn2(C03)? 28.528 
Mn2(S04)? -12.627 
Ca(OH)2 -13.185 
CaCOj -1.551 
CaS04 -0 731 
CaS04-2H20 -0.455 
Mg(OH)2 -8.041 
MgCO? -2.718 
MeS04-7H20 -3.939 



4.6.2 Process Modeling with ASPEN Plus 

Process modeling was performed using ASPEN Plus Release 9, developed and 

distributed bv Aspen Technology, Inc. of Cambridge, Ma. Figure 4.21 is an illustration of 

the process flow diagram used to model the lime treatment of the adit drainage It 

contains a splitting unit for diverting water from the adit to the treatment plant, a mixing 

unit for reacting the lime with the diverted water, and another mixing unit for the re-

addition of the lime slurry to the adit drainage. Thirty percent (800 gpm) of the original 

adit flow rate (2200 gpm) was diverted to the lime reactor. The flow rate values selected 

were based on flow rate measurements listed in Table 4.1. Lime was added to the lime 

reactor at a constant rate of 600 lbs/day CaO. To simplify the reaction mechanisms 

required for this model, hvdrated lime. Ca(OH)2, was substituted for CaO in 

stoichiometric amounts Values for the constituents in the adit stream were derived from 

the adit sample concentrations. The combined adit and sluny streams were allowed to 

reach equilibrium similar to what would occur in the pond system. Hence, the final 

product stream concentrations should compare to the CPDES outfall concentrations 

measured in the field In addition, if no lime is added to the system, the final product 

stream should contain concentrations similar to the adit concentrations 

Comparisons between the modeling results and the values measured in the field can 

be found in Figure 4.22. These results indicate that the model is in fairly good agreement 

with measured values for alkalinity, pH, magnesium and calcium. However, large 

discrepancies occur with zinc, manganese, lead, copper, cadmium, and iron. This is due 

primarily to the fact that the model was limited in the number of constituent and chemical 

reactions it could accommodate at one time. When attempts were made to convey all the 

constituents and potential reactions involving these constituents as demonstrated by the 

geochemical modeling, the system failed to function. Hence, it became necessary to 

remove some reactions and components. An input summary has been 
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Figure 4.21: Process flow diagram for modeling the lime treatment plant using ASPEN Plus. 
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Figure 4.22b. Comparison of measured and modeled concentrations at 
CPDES Outfall 002, with liming at 600 lbs/day. 
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provided in the Appendix, and details the components and reactions used in the model. 

Basically, only 54 of approximately 150 possible components and 43 reactions were 

added. The reactions include equilibrium, complexation, and precipitation of the major 

metals of concern. Ions omitted from the model include sodium, potassium, chloride, 

whose concentrations do not appear to change significantly throughout the series of pond 

samples. The sulfate ion and all associated reactions, as apposed to the hydroxide and 

carbonate ions, seemed to be the only other practical component to remove from a 

carbonate system being treated with a hydroxide reagent. In addition, all bicarbonate 

complexes were omitted. The only solids allowed to precipitate were hydroxides and 

carbonates. According to the geochemical modeling a large percentage of many of the 

metals are bound in sulfate and bicarbonate complexes (Table 4.14). Therefore, omitting 

these reactions has resulted in an inaccurate modeling of the treatment plant and pond 

system 

The primary purpose of attempting to apply a process model to the adit drainage 

and lime treatment plant was to determine if the software available could accurately 

predict the conditions existing in this extremely complex solution. The mine'drainage 

consists of a large variety of ions and solids in an electrolyte solution. Similar to the 

geochemical models available, process models must have all constituents and chemical 

reactions specified In addition, thermodynamic and transport properties are required. It 

appears from these results and the inability of the model to function with all the necessary 

constituents and reactants, that the ASPEN Plus software is not applicable to modeling 

process involving extremely complex electrolyte systems such as the treatment of mine 

drainage 

S 



4 " Critique of the Current Plant and Conditions of the Ponds 

The Rico Development Corporation currently operates and maintains a mine water 

treatment facility for the removal of heavy metals from the St. Louis adit discharge prior 

to its permitted discharge into the Dolores River. The drainage, with relatively high 

concentrations of metals and total dissolved solids (TDS), flows under natural conditions 

through a series of settling ponds following a lime neutralization treatment process. 

The treatment process incorporates the slaking of approximately 600 lbs/day of 

calcium oxide (CaO) with a portion of the.adit drainage diverted to the plant. The 

resulting lime, slurry, at a pH of approximately .12, is then mixed with the remaining adit 

water as it flows directly into pond 18 where it has been assumed that adequate mixing in 

the pond would effectively treat all the drainage for the removal of permitted metals. 

Subsequent ponds are then used for facilitating gravitational sedimentation of the resulting 

solids prior to discharge at CPDES Outfall 002: 

At the time of sampling (August, 1995), zinc and cadmium were out of compliance 

at the permitted discharge location. Physical observations of the site, as well as a brief 

explanation of the chemistry of the system may help explain the problem. 

The general appearance of the St. Louis adit discharge changes from milky and 

orange tinted at the adit to relatively clear in the lower ponds. As was indicated in the 

analysis of samples taken from the adit and pond system, suspended metals were reduced 

by as much as 98% by the time the water reached the CPDES outfall. However, dissolved 

metal concentrations were elevated enough to cause total metal concentrations for zinc 

and cadmium to exceed permit limitations. 

These results may indicate that the present rate of lime addition is not effective in 

reducing concentrations to permitted limits. The primary purpose of lime addition is to 

increase the pH of the water to a point where metal hydroxides will precipitate. The 

solubility of metal hydroxides is strongly dependent on pH, and a pH between 9 and 11 is 
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required in attaining a minimum solubility for the metals of concern in the drainage A 

secondary mechanism for the removal of dissolved metals is their absorption onto existing 

solid particles and subsequent coprecipitation. Therefore, the addition of lime also 

increases the surface area available for this heterogeneous process. Since the pH in pond 

18 is only 8.3, the first instinct would be to increase the amount of lime added. However, 

the physical characteristics of pond 18 indicate that the problem may be due to inadequate 

mixing rather than liming deficiencies. If the drainage is not completely mixed with the 

added lime, the necessary contact time needed for both reaction mechanisms will be 

reduced enough to prevent the proper removal of the constituents of concern. 

A visual inspection of the ponds during the sampling activities in August of 1995 

revealed that the uppermost ponds are almost completely full of solids. The volume 

estimates provided in Table 4.10 indicate that ponds 11 through 18 are 75% full of sludge. 

Moreover, ponds 18 and 15 are at 85% of capacity. This has caused the mine discharge to 

flow across the top of the sediment in sheets in addition to creating channelized flow 

patterns. Figure 4.23 shows the channels that have developed in pond 18. A second trip 

to the site in June of 1996, revealed that pond 15 is experiencing channeling as well. 

A second consequence of the ponds filling with sludge is the reduction in the 

required residence time for facilitating gravitational sedimentation. Based on estimates 

displayed in Figure 4.20, the residence time of the drainage in the upper ponds has 

decreased by as much as 74% since the start of lime addition 12 years aeo This may 

result in higher suspended metal concentrations in the lower ponds due to solids spillover 

instead of sedimentation. These solids are then subject to more acidic conditions 

occurring in ponds 5 and 6 due to the geothermal springs located there, causing the 

suspended metals to re-dissolve and enter the Dolores River. 

Conclusions from this analysis indicate thai adding more lime to the system is not 

necessarily the solution to bringing all the metals into compliance and could actually 

compound the problem. The ponds, most notably 15 and 18, need to be dredged 



Figure 4.23 Channeling of the treated mine effluent in pond 18. 
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Without the removal of sludge, water quality at the CPDES outfall could worsen, and in 

as little as four years ponds 11 through 18 could be completely full of sludge. 

The immediate concern, at this point, is bringing the adit discharge back into 

compliance with the CPDES permit limitations, and extending the lifetime of the ponds 

until a more suitable alternative treatment process can be established. Dredging, although 

not a permanent solution, could accomplish both of these goals for the short-term. In 

order to facilitate dredging operations in ponds 15 and 18, the water would have to be 

diverted to other ponds such as pond 13 or the new pond north of the site. Both of these 

ponds currently stand empty, and could effectively act as interim settling basins until 

dredging is completed. 

Management of the dredged sludge poses another significant problem. Ponds 15 

and 18 combined, represent approximately 8 tons (1.2 million cubic feet) of sludge with an 

average moisture content of 87%. Traditional approaches to managing this sludge include 

dewatering it to a moisture content of 50% to 60%, followed by disposal in off site land 

fills. 

Dewatering is necessary for enhancing the handling characteristics of the sludge in 

addition to reducing the final volume to be disposed of. A thirty percent reduction in the 

moisture content of the sludge from ponds 15 and 18 would result in approximately 3 tons 

of sludge instead of 8 tons. This dewatering could be accomplished mechanically using 

centrifuges or pressure filters. However, previous dredging operations at the site found 

that simply storing the sludge in a dry holding pond successfully reduced the moisture 

content through evaporation. 

Disposal of the dried sludge is dependent on the results of the Toxicity 

Characteristic Leaching Procedure (TCLP), as defined in the Federal Code of Regulations 

published by.the EPA. This procedure is used for determining whether the sludge is 

hazardous or not, and has not been performed on dredged material at this site. However, 

the results could dictate whether disposal costs are as low as $28/ton for non-hazardous 
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waste, or as high as $220/ton for hazardous waste These cost estimates do not include 

the cost of dredging, dewatering, or shipping to the landfills. 

An alternative to disposal of the dried sludge is its use as a feedstock in smelting or 

cement operations. It has not been confirmed whether smelters or cement operations 

designed to handle such waste exists in the immediate area. However, this is definitely an 

option that needs to be pursued further since it could help off-set costs for remediation 

A conceptual approach to the volume reduction of sludge in the ponds, which 

could supplement dredging operations, would be to pump the extremely wet portion of the 

sludge back to the treatment plant for recycling. Assuming that the solids provide 

additional surface area for heterogeneous reactions, metal removal efficiencies could 

theoretically be maintained. Lime would continue to be added to maintain the required pH 

levels, but quite possibly at a reduced rate. The overall effect could be a reduction in the 

total amount of sludge produced. However, this is all obviously just speculation, and 

would have to be tested before considered for implementation. 

4 8 Hypothetical Treatment Alternatives 

Results from the discussion of the current treatment plant and conditions of the 

ponds clearly indicate that an immediate solution to the treatment of the St. Louis adit 

drainage needs to be established. Although many remediation technologies have been 

developed for the removal of metals from mine water, only those beyond basic research 

and /or specifically examined by other researchers for implementation at the St. Louis site 

have been mentioned here. In addition, these processes selected for further examination 

have demonstrated effective metals removal from other drainage with similar chemical and 

physical characteristics, and have the potential of long-term applicability. 



Figure 4.24: Hypothetical process flow diagram for the high density sludge process for treatment of the St. Louis adit 
drainage. 
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The following discussion of process alternatives that may be considered applicable 

to the treatment of the St. Louis adit drainage is merely a conceptual approach to 

describing hypothetical solutions, and are largely derived from analysis performed by the 

Colorado School of Mines Research Institute (CSMRI 1982), Dr. Lorraine Filipek of 

Schafer & Associates (Filipek 1995), and Andre de Vegt ofPaques, Inc. (de Vegt, et.al. 

1993). It should be noted that these alternatives have not been tested in this study, and 

testing is beyond the scope of this thesis. 

4.8.1 Lime Treatment with Sludge Recycle 

Lime treatment with sludge recycle is commonly referred to as a high density 

sludge process fHDS), and was evaluated by CSMRI as an alternative treatment process 

for the St. Louis adit drainage in 1982. Figure 4.24 illustrates the process as it would 

apply to the adit drainage. Although this process is similar to what was proposed by 

CSMRI. some attributes of the site including the current treatment plant and the new pond 

have been incorporated into the design. 

It has been proposed that the new pond could act as a holding pond to stabilize 

flow fluctuations and provide enough time for the iron hydroxide floe to settle prior to 

entering the lime treatment plant. However, given that the volume of this pond is only 

approximately 4 .5 million gallons, the stabilization of seasonal variations is out of the 

question. The minimum volume required to stabilize seasonal variations was estimated to 

be 20 million gallons. However, this pond could be used to stabilize daily flow rates, 

providing an average retention time (Vp^/Q^,) of four days. Here, Qldl, is the monthly 

average flow rate from Table 4.12, multiplied by 1.4 to compensate for the consistent 

difference of 40% between the adit and outfall flow rates. Seasonal fluctuations could be 

compensated for by changing the influent to the plant as needed on a monthly basis. 



Table 4 .16 summarizes the advantages and disadvantages of lime treatment with 

sludge recycle (HDS process) as an alternative process for the treatment of the St. Louis 

adit drainage. The major advantage to this process is the technology has been proven to 

work for large flow rates such as those that occur at this site. In addition, the lime slaking 

portions of the treatment process and a holding pond for daily flow stabilization is already 

in place However, this process does not guarantee non-hazardous sludge by products, 

and definitely requires pilot-scale testing to determine its feasibility. 



134 

Since lime will continue to be added to maintain pH levels at about 12. the current 

lime clalfing unit has also been incorporated into the design. As is currently being done, a 

portion of the adit drainage would be diverted to the slaking unit for creating the slurry 

mixture. This slurry would then be mixed with the recycled sludge prior to addition to the 

remaining adit drainage for neutralization and precipitation. 

According to bench scale studies performed by CSMRI, 5 minutes was required to 

precipitate the metals, and 45 minutes was required to clarify the resulting mixture 

Hence, based on a drainage rate of 2000 gpm the precipitator was estimated to be 10,000 

gallons and the clarifier to be 70 feet in diameter (CSMRI 1982). Although the use of 

tanks for precipitation and a mechanical clarification would require considerable capital 

expenditures and possibly an increase in operation and maintenance costs, the removal of 

the spent sludge as it is produced could extend the life-time of the treatment process 

indefinitely since sludge storage would be eliminated. This process also renders the final 

sludge more amenable to reuse as feedstock for smelters or cement operations which 

could help off-set costs. Theoretically, by recycling 10% to 20% of the sludge produced, 

the final moisture content can be as low as 80% as compared to 95% to 98% moisture 

resulting from conventional lime treatment processes. The sludge would probably need 

further dewatering by mechanical means or evaporation in a dry pond, achieving 40 to 

50% solids. 

As an alternative to constructing tanks for precipitation and clarification, the ponds 

could be used, provided pond 18 was redesigned to contain baffles that would ensure 

adequate mixing in the precipitation process. In addition, the remainder of the ponds 

would have to accommodate a 45 minute residence time for proper clarification. 

However, this process depends upon sludge recycle from the treated effluent, and 

recycling from a settling pond could present material handling problems. Moreover, this 

could cause accumulation of sludge within the ponds which is desired to be avoided. 
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4.8.2 Biogenic H-.S Sulfide Precipitation 

Biogenic H2S sulfide precipitation refers to the use of biologically produced 

hydrogen sulfide gas for the precipitation of dissolved metals in mine drainage. The H2S 

gas is generated by sulfate reducing bacteria which anaerobically oxidize organic material 

while reducing sulfate to H2S. This process is particularly appealing because of the 

opportunity to use municipal sewage sludge as the organic substrate in the sulfate 

reduction process. 

The town of Rico currently supports a population of about 100 people, the 

majority of which use on-site disposal systems such as septic tanks and tile fields for the 

treatment of their sewage. However, Rico is conveniently located 25 miles south of 

Telluride. and is in the path of growth as Telluride expands. While the septic tank and tile 

field is an acceptable form of sewage treatment for small populations, municipal waste 

water treatment systems become a necessity as populations increase. With this projected 

population growth of Rico in mind, a combined municipal waste water and mine drainage 

treatment system has been hypothesized 

Figure 4.25 illustrates the conceptual design of a biogenic H2S precipitation 

process for the treatment of the St. Louis adit drainage combined with municipal waste 

water treatment for the town of Rico. The design was developed by Andre de Vegt of 

Paques, Inc., after conversations with Dr. Filipek regarding the feasibility of this process 

for this site 

Preliminary calculations performed by de Vegt indicate that the sewage produced 

by a town of approximately 2000 people contains sufficient digestible organic matter to 

produce enough hydrogen sulfide gas to precipitate the metals of concern in the adit 

drainage. According to de Vegt, ethanol can be used to supplement the process if 

adequate sewage is not available. 
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Figure 4.25: Conceptual design of a biogenic II2S precipitation process for the treatment of the St Louis adit drainage 
combined with municipal waste water treatment for the town of Rico 



Table 4.17 lists the assumptions used by de Vegt regarding the chemical qualities 

of primary sewage sludge for the conceptual design of the treatment plant. The estimate 

of the required population was based on the removal of 7 mg/L of zinc from an adit flow 

rate of 1100 gpm. According to de Vegt, approximately 100 gallons per day of municipal 

wastewater is produced per person. Hence, a population of 2000 would produce 140 

gpm. on the average. Primary clarification of this wastewater would result in 0 7 gpm of 

primary sewage sludge containing 190 Kg/day of total suspended solids and 115 Kg/day 

of active biological mass used in the sulfate reduction process. 

The solids removed from the primary clarifier are directed to a heated digester, 

where is it is assumed that water from the geothermal springs could be used for heating 

In the digester, sulfate reducing bacteria use the biologically active fraction of the solids to 

reduce sulfate to hydrogen sulfide gas, assuming that 75% of the solids is available for 

sulfate reduction. According to de Vegt sulfate salts will probably have to be added to the 

solids digester to facilitate the oxidation-reduction reaction. The gas produced is then 

stripped from the digested sludge using inert nitrogen dioxide gas. Hypothetically, 75% of 

the H2S gas is stripped, and sent to a vapor-liquid contactor where the H2S in the vapor 

phase is transferred to the adit water. Once the H2S is in the liquid phase, it can react with 

the metals to form sulfide precipitates. 

Spent sewage sludge is returned to the municipal wastewater treatment cycle for 

further treatment, and the adit water containing the H2S gas is sent to a precipitator and 

clarifier for metal sulfide removal. At no point in the cycle is the sewage sludge combined 

with the adit drainage. Hence, the sewage sludge contains no additional metals from the 

mine drainage and may possibly be used for composting and fertilization The sulfide 

sludge produced from this process could hypothetically be sent to smelters for metal 

recovery, off-setting treatment costs. Depending on the desired sludge composition, one 

or more precipitation-clarification devices may be needed to selectively recover valuable 

metals. 
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Table 4 .18 summarizes the advantages and disadvantages of the biogenic H2S 

sulfide precipitation process using primary sewage sludge from the town of Rico for the 

treatment of the St. Louis adit drainage. The major advantage of this hypothetical design 

is the beneficial applicability to both municipal wastewater and mine drainage treatment 

In addition, metal recovery possibilities could off-set treatment costs. However, it is not 

certain whether the town of Rico will experience enough growth to provide the necessary 

sewage requirements for this process. 



Table 4.17: Assumptions used for the conceptual design of the biogenic H2S sulfide 
precipitation treatment plant using primary sewage sludge. 

Assumptions 

Municipal wastewater generated: 100 gal./day person 

Primary sewage sludge produced: 0.0004 gal./day person 

TSSa in sewage sludge: 50.000 mg/L 

VSSh in sewage sludge: 30,000 mg/L 

CODc in sewage sludge: 1 Kg COD/ Kg VSS 

COD required for sulfate reduction: 1 Kg COD/ Kg SO42' reduced 

COD available for sulfate reduction: 75% 

H2S produced in solids digester: 1 mole H2S produced / mole SO42" reduced 

Stripping efficiency of H2S from digested solids: 75% 

Zinc precipitated: 1 mole Zn2~ precipitates / mole H2S produced 

a Total suspended solids 
b Volatile suspended solids. A measure of the active biological mass available. 
c Chemical oxygen demand. A measure of the amount of organic matter available 
for oxidation. 



Table 4.18: Advantages and disadvantages of the biogenic H2S sulfide precipitation 
process using primary sewage sludge from the town of Rico for the treatment of the St. 
Louis adit drainage. 

ADVANTAGES 

Rico would receive a municipal wastewater treatment plant. 

Obnoxious sewage gas utilized in mine drainage treatment. 

Sewage sludge volume reduced through the oxidation-reduction process. 

Ethanol could be used to supplement deficient sewage volumes. 

Holding pond for stabilizing mine drainage flow to treatment plant already exists. 

Metals removed in a more stable sulfide form. 

Possible recovery of metal sulfides, off-setting treatment costs. 

Effluents from each source kept separate. 

DISADVANTAGES 

May incur considerable capital costs for equipment. 

Operational and maintenance costs would increase. 

Produces a metal bearing sludge that may have to be disposed of. 

Sewage from Rico would have to be pumped upstream to the treatment plant. 

Town population is not currently large enough to support sewage requirements 

Would require bench-scale and pilot-scale testing to determine feasibility. 
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4.8.3 Constructed Wetlands 

Constructed wetlands are man-made passive treatment systems that mimic natural 

wetlands by employing the same geochemical concepts, while providing the opportunity to 

control and optimize the hydraulics and retention times within the system. This 

technology holds promise over the conventional lime neutralization process currently 

being used because large volumes of sludge are not generated, and long-term 

immobilization of metals could hypothetically be attained. However, management of the 

treatment system may include eventual removal and replacement of the contaminated 

substrate which could prove to be difficult, and may require costly disposal. 

The use of constructed wetlands for treatment of the St. Louis adit drainage has 

been evaluated by Dr. Lorraine Filipek of Schafer & Associates (Filipek 1995). According 

to Dr. Filipek, the chemical attributes of the St. Louis adit drainage make it an ideal 

candidate for treatment with a series of passive treatment cells. However, large flow rates 

with extreme seasonal variations indicate the need for a combination of processes to 

accommodate high and low flow events and make it a less desirable option. 

Figure 4.26 illustrates a conceptual process flow diagram for the treatment of the . 

adit drainage with the estimated size requirements of the anaerobic cells determined by Dr. 

Filipek Table 4.19 discloses the design criteria used to determine the sizing requirements 

based on metal loadings from the drainage, the necessary retention time within the system, 

and the permeability of the substrate proposed. 

The conceptual design consists of a holding pond to help regulate flow into the 

system, a second pond to settle the iron hydroxide floe already present in the drainage, a 

series of anaerobic cells to precipitate other heavy metals as metal sulfides, and a final 

aerobic polishing pond. As discussed in section 4.5.2, a stabilization pond would be 

necessary to supply a constant flow to the reactors However, the site is 
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Figure 4.26: Conceptual process flow diagram for the passive treatment of the St. Louis adit drainage. 



Table 4.19: Design criteria used for sizing the hypothetical wetland system. 

AEROBIC WETLAND CRITERIA 

Residence time, x = 1.5 days 

Depth = variable, but usually very shallow (.5 - 1 foot) 

Rock lined and colonized with green algae and cvanobacteria 

ANAEROBIC WETLAND CRITERIA 

Residence time, x = 3 to 5 days 

Depth = 3 feet 

Vertical flow 

Composted manure as substrate 

Substrate permeability = 3 (10"4) cm/s 

Bacterial activity in new wetland = 300 mmol/nr day 

Metal loading 20% of bacterial activity = 60 mmol/nv day 

Sizing based on total zinc concentrations in the adit = 8 mg/L 

Zinc loading rate = 4 g/irr day 

FLOW RATE CRITERIA 

Average flow rate =1.6 MGD 

Maximum flow rate = 3.2 MGD 
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not iaree enough to hold this pond and the other necessary treatment cells. Therefore, the 

new 4.7 million gallon pond north of the site, possibly in conjunction with pond 18, could 

be used as an initial settling pond. Pond 18 has been designated for use as a second 

settling pond. However, the flow through pond 18 is presently channelized (Figure 4.23) 

due to the large volume of sludge present. This pond could be made more efficient for 

iron precipitation by adding rock baffles and forcing the flow through the entire pond area 

In addition, a majority of the sludge needs to be removed. 

Based on the design criteria given in Table 4.19, the estimated surface area 

required for the aerobic wetland is approximately 7.5 acres for an average flow of 1.6 

MGD. and 15 acres for a maximum flow of 3.2 MGD. This provides a residence time of 

1.5 days in a pond averaging 1 foot deep. This pond should be of variable depth, and lined 

with rock that has been colonized with green algae and cvanobacteria to enhance 

manganese removal, and be preceded by an aeration spillway to ensure the water is highly 

oxidized (Filipek 1995). 

The estimated surface area requirements for anaerobic cells is 9.4 acres for the 

average flow, and 19.8 for the maximum flow. This is based on vertical flow through 

three foot deep cells filled with composted manure, and provides the necessary residence 

time of 3.5 days. 

The combined area requirements equate to approximately 35 acres not including 

the holding pond and pond 18. The total area available at the site, base on Figure 1.2, is 

about 30 acres Hence, wetlands are not feasible to use as the sole treatment of the 

drainage However, they could be used as a polishing step in conjunction with other 

treatment processes. 

Table 4.20 summarizes the advantages and disadvantages of constructed wetlands 

for the use of treating the St. Louis adit drainage. The major advantage, of course, is the 

fact that wetlands are passive and would require minimal maintenance. However, the 

long-term applicability of wetlands has not been established. It is unknown whether the 
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metal loaded substrate will require removal and replacement, and in what period of time 

maximum metal capacities could occur. 



148 

Table 4.20: Advantages and disadvantages of constructed wetlands for use in treating the 

St. Louis adit drainage. 

ADVANTAGES 

Requires minimal operational and maintenance costs. 

Could provide efficient metals removal. 

Holding pond already exists, but not large enough. 

Precipitation pond for iron hydroxide floe already exists. 

DISADVANTAGES 

Could incur considerable capital costs. 

May not have the necessary land requirements. 

Lifetime of the substrate is uncertain-

Ultimate fate of metals removed from the drainage is uncertain. 

Requires pilot-scale testing. 
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Chapter 5 

CONCLUSIONS 

1. Flow rate measurements taken at the adit and at the CPDES Outfall indicate an overall 

loss of 40% of the drainage as it flows through the pond system. The adit flow rate at the 

time of measuring was 2200 - 110 gpm, and the CPDES Outfall flow rate was 1400 ±112 

gpm. Possible causes for this loss were identified as an observed overflow of drainage 

from a hvplon-lined channel carrying water from the adit to the first pond, and possible 

seepage from pond 18. Material balance calculations performed at various locations 

within the pond system indicate that the channel overflow and seepage flow rates could be 

as high as 600 gpm. and 400 gpm, respectively. 

2 A stabilization pond was considered for this site due to the large seasonal variation in 

flow rates Estimates indicate that the minimum volume requirement for stabilizing the 

adit drainage would be approximately 20 million gallons (2.8 million cubic feet), with a 

uniform effluent flow of 1.09 million gallons per day (757 gpm). A stabilization pond 

would require approximately 95% of the total volume of ponds currently existing at the 

site 

3 Total recoverable, dissolved, and suspended cadmium, copper, zinc, lead, iron, and 

manganese in the adit and pond waters were measured to gain an understanding of the 

efficiency of the ponds as the water flows through the system. Results indicate that 70% 

to 95% of the total metals are removed from the pond system by the time the mine water 

leaves pond 11 Of the CPDES permitted metals, only cadmium and zinc were out of 
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compliance at the CPDES Outfall. Cadmium was measured to be 0.003 mg/L, and the 30-

day average permit limitation is 0.0004 mg/L. Zinc was measured to be 0.3 mg/L, and the 

30-day average permit limitation is 0.237 mg/L. 

4 The analysis of the geothermal springs located near ponds 5 and 6 indicate extremely 

low concentrations of all the permitted metals (Cd, Cu. Pb, and Zn). However, dissolved 

concentrations of the same constituents in the pond 5 samples have increased while total 

concentration remained fairly constant This is probably due to the fact that the spring 

water with a pH of about 6.5 is mixing with pond water with a pH of about 8, resulting in 

a lower pH at the outfall. Due to the amphoteric nature of metal hydroxides, a decrease in 

pH will cause the suspended material to redissolve. 

5 After examining the results of the analysis of samples taken upstream and downstream 

from the apparent seep west of pond 18. seepage from the ponds cannot be confirmed. 

Since the entire area is geothermally active, it is entirely possible that the presence of the 

orange iron hydroxide precipitate in this channel occurs due to seepage from additional 

geothermal springs. Several constituents in the analysis tend to confirm the source as 

geothermal springs such as an increase in temperature, a decrease in pH, and no change in 

cadmium, copper, and lead concentrations. However, an increase in the other metals 

tends to support seepage from the ponds. 

6. Core samples were taken from ponds 9, 11, and 18, and a grab sample was taken from 

the pond 5 sediment, where little or no sludge has been deposited. Pond 18 contained the 

deepest sludge, and this depth gradually became smaller throughout the pond system, 

confirming that most of the sedimentation is occurring in ponds 11 through 18. In 

addition, a visual inspection of each core, and the analysis of segments of each of the cores 

indicates homogeneity throughout the columns. 



7. The sludge in ponds 9, 11, and 18 contain mostly calcium (30°/o on average) and iron 

(53% on average), relative to total concentrations in each core. However, manganese and 

zinc also have a strong presence, zinc at 10%. and manganese at 5%. In fact, it appears 

that manganese concentrations gradually increase in the sediment in the downstream 

direction. The concentrations of cadmium, copper, and lead are small relative to the other 

metals in all the ponds. 

8 Analvsis of the moisture content in the core samples indicates a compaction of the 

sludge with depth. Surface sediments contain only about 5% solids by weight, but the 

solids content increases exponentially to a maximum of approximately 25% solids An 

emperical relationship between the fraction of solids and the average depth in centimeters 

is given by: 
Xsohd = 0.0562eooo55,em) 

* 

9 Pond and sludge volumes were calculated for each pond in the system. The total 

empty pond volume was estimated to be 2.810.000 cubic feet. The total sludge volume 

was estimated to be 1,840,000 cubic feet. Most of the sludge resides in ponds 11 through 

18, where it has been estimated that these ponds are 75% full of sludge. This has caused a 

74% reduction in the residence time of the water in the upper ponds since liming began 12 

years ago, from 15 days to 4 days. Furthermore, these sludge volumes have caused 

channelized flow patterns in ponds 15 and 18, and the consequence of this is an increase in 

metal concentrations downstream due to solids spillover instead of sedimentation. 

10 Increasing the liming rate of the adit drainage is not necessarily the solution to 

bringing all the permitted metals into compliance with the CPDES permit requirements. 
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This could actually have the opposite effect by hastening the reduction of the needed 

residence time to settle out precipitated solids. 

11. Dredcing. although not a permanent solution, could bring the adit discharge back into 

compliance, and extend the lifetime of the ponds until a more appropriate and longer-term 

solution for treatment can be established. It has been recommended that both ponds 1? 

and 18 be dredged To facilitate dredging operations, flow could be diverted to one or 

both of the empty ponds at the site (pond 13 and the new pond north of the adit). 

12 The Toxicity Characteristic Leaching Procedure (TCLP) performed by PT1 indicated 

that surficial sediments were not hazardous however, this test was not performed on the 

deeper pond sediments. Hence, it is not certain whether the entire depth of sludge is non-

hazardous Until this procedure can be performed on a more representative sample Of the 

sludge, disposal requirements remain uncertain. 

13. Lime treatment with sludge recycle has been proposed as a possible alternative 

treatment process for the St. Louis adit drainage. The major advantage to this process is 

that the technology has been proven to effectively remove metals from large flows such as 

those that occur at this site, while producing a reduced amount of sludge with a lower 

moisture content In addition, the lime slaking portion of the treatment process and a 

holding pond for daily flow stabilization are already in place. However, this process does 

not guarantee non-hazardous sludge by products, and definitely requires pilot-scale testing 

to determine its feasibility. 

14. A conceptual design of a biogenic H2S precipitation processes for the treatment of the 

St Louis adit drainage combined with municipal waste water treatment for the town of 

Rico was developed. Preliminary calculations indicate that the sewage produced by a 



town of approximately 2000 people contains sufficient digestible organic matter to 

produce enough hydrogen sulfide gas to precipitate the metals of concern in the adit 

drainage. The major advantage of this hypothetical process is the beneficial applicability 

to both municipal wastewater and mine drainage treatment. In addition, more stable metal 

sulfide sludges are produced, and metal recovery possibilities could off-set treatment 

costs. However, it is not certain whether the town of Rico will experience enough growth 

to provide the necessary sewage requirements for this process. Moreover, pilot-scale 

studies need to be performed at the site to determine the applicability of this process to the 

St. Louis adit drainage. 

15 The use of constructed wetlands for treatment of the St. Louis adit drainage has been 

hypothesized as a possible treatment alternative. The conceptual design consists of a 

series of both aerobic and anaerobic cells The combined surface area requirements 

equates to approximately 35 acres not including the holding pond and pond 18 The total 

area available at the site is about 30 acres. Hence, wetlands are probably not applicable. 

The major advantage of constructed wetlands is the fact that wetlands are passive and 

would require minimal maintenance However, the long-term applicability of wetlands has 

not been established. It is likely that the metal loaded substrate will require removal and 

replacement, and it is unknown in what period of time maximum metal capacities could 

occur. 

16 Results from the geochemical modeling using MINTEQA2 provided some insight 

into the nature of the adit drainage. For instance, the orange floe present in the drainage is 

probably iron and manganese hydroxides and manganese carbonate. Furthermore, most 

of the metals present in the dissolved state are either free ions, or hydroxide, carbonate, 

and sulfate complexes. Chloride and sodium didn't appear to play a significant role in the 
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overall chemistry of the drainage. This is consistent with the water quality data which 

indicated that chloride and sodium are relatively constant throughout the ponds 

17. Chemical engineering process modeling using ASPEN Plus was performed on the adit 

drainage and lime treatment plant to determine if this software could accurately predict 

the conditions existing in this extremely complex solution. The mine drainage consists of 

a large variety of ions and solids in an electrolyte solution. Similar to the geochemical 

models available, process models must have all constituents and chemical reactions 

specified In addition, thermodynamic and transport properties are required Results from 

the modeling attempt and the inability of the model to function with all the necessary 

constituents and reactants indicates that the ASPEN Plus software is not applicable to 

modeling processes involving extremely complex electrolyte systems such as the treatment 

of mine drainage. 



Chapter 6 

RECOMMENDATIONS 

1 Investigate applicable technologies for dewatering the dredged sludge. Management of 

the dredged sludge poses a significant problem. Ponds 15 and 18 combined, represent 

approximately 8 tons (1.2 million cubic feet) of sludge with an average moisture content 

of 87%. Traditional approaches to managing this sludge include dewatering it to a 

moisture content of 50% to 60%, followed by disposal in off-site land fills Dewatering is 

necessary for enhancing the handling characteristics of the sludge in addition to reducing 

the final volume to be disposed of. This dewatering could be accomplished mechanically 

using centrifuges or pressure filters, or by simply storing the sludge in a dry holding pond 

and reducing the moisture content through evaporation. 

2 Perform TCLP extraction procedures on a representative sample of sludge from the 

ponds to be dredged Disposal of the dried sludge is dependent on the results of the 

Toxicity Characteristic Leaching Procedure (TCLP), as defined in the Federal Code of 

Regulations published by the EPA. This procedure is used for determining whether the 

sludge is hazardous or not, and has not been performed on dredged material at this site. 

However, the results could dictate whether disposal costs are as low as $28/ton for non-

hazardous waste, or as high as $220/ton for hazardous waste. These cost estimates do not 

include the cost of dredging, dewatering, or shipping to the landfills. 
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3 Investigate the recycling of some of the sludge in ponds 11 through 18 back through 

the lime treatment system as a way to reduce the overall volume. Assuming that the solids 

provide additional surface area for heterogeneous reactions, metal removal efficiencies 

could theoretically be maintained. Lime would continued to be added to maintain the 

required pH levels, but quite possibly at a reduced rate. The overall effect could be a 

reduction in the total amount of sludge produced. However, this is all obviously just 

speculation, and would have to be tested before considered for implementation. 

4 Investigate the use of the dredged sludge as a feedstock in smelting and cement 

operations. It has not been confirmed whether smelters or cement operations designed to 

handle such waste exist in the immediate area. However, this is definitely an option that 

needs to be pursued further since it could help off-set costs for remediation. 

5 Perform pilot-scale testing of the hypothetical processes presented to determine the 

applicability of each to the treatment of the St. Louis adit drainage. 

6 Investigate the potential population growth of the town of Rico, and the need for 

municipal sewage treatment as a result of this growth. 
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Input summary created bv ASPEN PLUS Rel 9.1-3 

UNITS: Metric 
Volume flow = m3/hr 
Heat transfer coefficient =Kcal/hr m" K 
Pressur = Bar 
Temperature = C 
Volume = m3 
Molar density = kmol/mJ 
Mass density = Kg'mJ 
Molar enthalpy = Kcal/mol 
Mass enthalpy = Kcal/Kg 
Molar concentration = mol/L 

STREAM DEFINITIONS: All conventional 
DATABANKS Aspenpcd. Aqueous. Solids. Inorganic. Purecomp 
PROP-SOURCES: Aspenpcd. Aqueous. Solids. Inorganic, Purecomp 
COMPONENTS: 

H:0. H. OH-. HC03". C03-. Cd 2*. Ca2". Cu2'. Fe3", Pb2". Mg2*. Mn3*. Zn2*. 
Cu(OH)-. CafOH);. CaC03. Cd(OH);. CdC03. Fe(OH)3, Pb(OH);*. PbC03. Mg(OH);. MgC03. 
Mn(OH),". Mn2fC03)3. ZnfOH):. ZnC03. Pb(OH)2 (S)*. Mn(OH)3S*. ZnC03S*. Mn2(C03)3S*. 
CdfOH);S*. CufOH);S". PbCO.S*. CdCO,S*. PbfOH),*-1. Fe2(OH)2"J. FeOH2'. ZnOH*. CaOH". 
MnOH2". MgOH". PbOH". FefOH)2". C02. CaC03(S). Zn(OH)2(S). Fe(OH)3(S). Mg(OH)2(S). 
Ca(OH):fS). MgC03(S). Zn(OH)3". Pb(OH)3" .Zn(OH)/2 

HENR^'-COMPS: Global C02 
CHEMISTRY GLOBAL : 
Dissociation reactions: 

DISS MgCO:. = Mg2* 1 / C03;- 1 
DISS CafOHh = CaOH" 1 / OH" 1 
DISS Mg(OH); = MgOH* 1 / OH 1 
DISS Fe(OH)3 = Fe(OH);* 1 / OH" 1 
DISS ZnlOH); = ZnOH" 1 / OH" 1 
DISS CaC03 = Ca2* 1 / CO,2" 1 
DISS PbfOH): = PbOH 1 / OH" 1 
DISS Mn(OH)3 = MnOH 1 / OH" 2 
DISS Cd(OH)2 = Cd2"l / OH" 2 
DISS CdCO, Cd2* 1 / CO,2" 1 
DISS Cu(OH); = Cu2* 1 / OH" 2 
DISS PbC03 = Pb2* 1 / C032" 1 
DISS Mn2(C03), = Mn3" 2 / CO,2" 3 
DISS ZnC03 = Zn2"l / C032" 1 

Equilibnum reactions: 
STOIC 1 H20-1 /H 1 / OH" 1 
STOIC 2 C02-1 / H20-1 / H 1 / HCO,-1 
STOIC 3 HC03" -1 / H 1 / C032' 1 
STOIC 4 Fe3* -1 / H20 -1 / H 1 / FeOH2* 1 
STOIC 5 FeOH2* -1 / H20 -1 / H 1 / Fe(OH)2* 1 
STOIC 6 Fe3* -2 / H20 -2 / H 2 / Fe2(OH), 1 
STOIC 7 PbOH -1 / OH" 1 / Pb2* 1 



STOIC 8 Pb2'-1 / OH' -3 / Pb(OH)3' 1 
STOIC 9 Pb+ -4 / H20 -4 / H" 4 / Pb<(OH), 1 
STOIC 10 MgOH* -1 / Mg2" 1 / OH' 1 
STOIC 11 Mn3* -1 / H20 -2 / IT 2 / Mn(OH);* 1 
STOIC 12 Zn2* -1 / OH' -4 / Zn(OH)4:" 1 
STOIC 13 Zn2" -1 / OH' -3 / ZnfOHV 1 
STOIC 14 CaOH" -1 / Ca2" 1 / OH' 1 
STOIC 15 ZnOH" -1 / Zn2" 1 / OH-1 

Associated equilibrium constants: 
K-STOIC 1 A=T32.89888 B=-13445.9 C=-22.4773 D=0 
K-STOIC 2 A=231.465439 B—12092.1 C=-36.7816 D=0 
K-STOIC 3 A=216.050446 B=-12431.7 C=-35.4819 D=0 
K-STOIC 4 A=-10.532563 B=0 C=0 D=0 
K-STOIC 5 A=-14.585564 B=0 C=0 D=0 
K-STOIC 6 A=-10.717564 B=0 C=0 D=0 
K-STOIC 7 A—21.976562 B=0 C=0 D=0 
K-STOIC 8 A=44.055691 B=0 C=0 D=0 
K-STOIC 9 A=-48.571564B=0C=0D=0 
K-STOIC 11 A~28.400564 B=0 C=0 D=0 
K-STOIC 12 A=50.950253 B=0 C=0 D=0 
K-STOIC 13 A=25.263689 B=0 C=0 D=0 

Precipitauon reactions: 
SALT MgC03(S) Mg2* 1 / C032" 1 
S.ALT Ca(OH); CSOH" 1 / OH' 1 
SALT Mg(OH); MgOH* 1 / OH' 1 
SALT FefOH)3 FE(OH);* . / OH' 1 
SALT ZnfOH); ZnOH* 1 / OH' 1 
S.ALT CaC03(S) Ca2* 1 / C032" 1 
SALT Cd(OH)2S Cd2* 1 I OH' 2 
SALT CdC03S Cd2" 1 / C03:" 1 
SALT Cu(OH)2S CU2* 1 / OH' 2 
SALT ZnC03S Zn2* 1 / C032' 1 
SALT Pb(OH)2S PbOH* 1 / OH" 1 
SALT PbC03S Pb2* 1 / C032' 1 
SALT Mn(OH)3S Mn(OH):" 1 / OH' 1 
SALT Mn;(C03)3S Mn3* 1 / C032" 1 

FLOWSHEET : 
BLOCK SLAKER: Input = Lime Output = Slurry 
BLOCK REMIX: Input =Adit and Slum- Output = CPDES 

PROPERTIES: Ideal & Elecnrtl 
Henry Componentents = GLOBAL 
Chemistry = GLOBAL 
True Components = YES 

PROP-LIST: 
PC / TC / OMEGA / MW / DHFORM / DGFORM / & 
VLSTD / DGSFRM / DHSFRM : 

PVAL "Pb(OH);" 50 / 2397 / .1 / 241.21 / -57.8 / & 
-54.6 7 31.74/-108.1 /-123.3 



PVAL "Mn(OH)j" 50 / 1938 /. 1 / 88.95 / -57.8 / & 
-54.6/26.95/-147/-166.2 

PVAL "Pb(OH)2S" 50 / 2397 / .1 / 241.21 / -57.8 / & 
-54.6 / 31.74/-108.1 /-123.3 

PVAL "Mn(OH)3S" 50 / 1938 / .1 / 88.95 / -57.8 / & 
-54.6 / 26.95 / -147 / -166.2 

PVAL "Cd(OH)2S" 50 / 2540 / .1 /146.42 / -57.8 / & 
-54.6 /30.57 /-113.2 /-134 

PVAL "Cu(OH)2S" 50 / 2360 / .1 / 97.56 / -57.8 / & 
-54.6 / 28.69 /-75 /-117 

PVAL PbCOjS 50 / 1954 / .1 / 267.21 / -57.8 / -54.6 & 
/ 40.49 / -149.5 / -167.1 

PVAL Mn;(C03)3S 50 / 2605 / .1 / 114.95 / -57.8 / -54.6 & 
/ 37.08 /-195.2 / -213.7 

PVAL CdC03S 50 / 1465 / .1 / 172.42 / -57.8 / -54.6 & 
/ 40.1 / -160 ' -179.4 

PVAL ZnC03S 50 ! 977 /. 1 / 125.38 / -57.8 / -54.6 ! & 
28.50 /-174.85 /-194.26 

PROP-LIST DHFORM 
PVAL Fe?~ -57.8 

PROP-DATA U-2 
PROP-LIST PLXANT 
PVAL "PbfOH);" 7.97 0.0 0.0 0.0 0.0 0.0 0.0 0.0 & 

1000.000 
PVAL "Mn(OH)3" 7.97 0.0 0.0 0.0 0.0 0.0 0.0 0.0 & 

1000.000 
PVAL "PbfOH):S" 7.97 0.0 0.0 0.0 0.0 0.0 0.0 0.0 & 

1000.000 
PVAL "MitfOHhS" 7.97 0.0 0.0 0.0 0.0 0.0 0.0 0.0 & 

1000.000 
PVAL "CdfOHbS" 7.97 0.0 0.0 0.0 0.0 0.0 0.0 0.0 & 

1000000 
PVAL "Cu(OH)5S" 7.97 0.0 0.0 0.0 0.0 0.0 0.0 0.0 & 

1000.000 
PVAL PbCOjS 7.97 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL Mn:fC03)3S 7.97 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL CdC03S 7.97 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL ZnC03S 7.97 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 

PROP-DATA U-2 
PROP-LIST CPSPOl 

PVAL "Pb(OH);" 18.21 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL "Mn(OH)3" 18.21 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL "Pb(OH):S" 18.21 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL "Mn(OH),S" 18.21 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL "Cd(OH);S" 18.21 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL "CU(OH)2S" 18.21 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL PbCOjS 20.89 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL Mn2(C03)3S 19.48 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 



PVAL CdCOjS 18 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL ZnC03S 19.05 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 

PROP-DATA U-2 
PROP-LIST VSPOLY 
PVAL "PB(OH32" 31.73 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL "Mn(OH)3" 26.65 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL "Pb(OH)-S" 31.73 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL "Mn(OH)3S" 26.95 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL "Cd(OH);S" 30.57 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL "CufOH):S" 28.69 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL PbCOjS 40.49 0.0 0.0 0.0 0.0 0.U 1000.000 
PVAL Mn2(C03)3S 37 08 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL CDCO?S 40.10 0.0 0.0 0.0 0.0 0.0 1000.000 
PVAL ZNC03S 28.50 0.0 0.0 0.0 0.0 0.0 1000.000 

PROP-DATA U-2 
PROP-LIST CPIG 
PVAL "Fe(OH)3(S)" 8400 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 & 

1.0000E+28 1.0000E+2S 1.0000E-K18 
PVAL "Zn(OH):(Sl" 8400 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 & 

1.0000E+28 1.0000E+28 1.0000E+28 
PVAL "CaC03(S)" 8400 0.0 0.0 0.0 0.0 0.0 0.0 1000.000 & 

1.0000E+28 1.0000EJ-28 1.0000E+2S 
PROP-DATA HENRY-1: 

PRO--LIST HENRY 
BP\ . YJ. CO; H30 159.1997 -8477.711 -21.95743 5.78075E-3 & 

-.1499939 226.8500 
PROP-DATA NRTL-1 

PROP-LIST NRTL 
BPVAL H;0 CO; 10.06400 -3268.135 .2000000 0.0 0.0 0.0 & 

6.10352E-6 200.0000 
BPVAL CO; H;0 10.06400 -3268.135 .2000000 0.0 0.0 0.0 & 

6.10352E-6 200.0000 
PROP-DATA GMELCC-1 

PROP-LIST GMELCC 
PPVAL H;0 ( H* OH") 8.045000 
PPVAL ( H~ OH') H:0 -4.072000 
PPVAL H;0 (IT HC03-) 8.045000 
PPVAL (IT HC03") H;0 -4.072000 
PPVAL H;0 (IT C032") 8.045000 
PPVAL (IT C03:") H;0 -4.072000 

PROP-SET MASSCONC MASSCONC SUBSTREAM=MIXED PHASE=L 
PROP-SET PH PH SUBSTREAM=MIXED PHASE=L 
PROP-SET SOLINDEX SOLINDEX SUB STREAM=MIXED PHASE=L 
STREAM ADIT DRAINAGE: 

Substream Mixed 
Temp=25, Pres=l.01325. Volume-Flo\v=493.92 
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Soivent=H;0. Nphase=l. Phase=L. Tol=0.0001 Mass-Cone (g/L): H;0 1000 / H~ 5.169E-7 / OH 
3.144E-7 /HC03" .09418 / C032" ,004e-3 Cd2" .025E-3 / Ca2" .21 / Cu2" .31E-3 / Fe?* .016 /' Pb:" 
.018E-3 / Mg2* .02 / Mn3* 3.2e-3 / Zn2' 4.4e-3 

STREAM LIME: 
Substream Mixed 
Temp=25. Pres=l.01325. Mass-Flow= 100 <Lb/Day> 
Solvent=H-0. Nphase=l. Phase=L 
Mass-Cone: H" 1.01E-14 / OH' 17 / Ca2' 20 

BLOCK MIXER: 
Lime treatment plant 

STREAM-REPORT: 
nomoleflow 
massflow 
ph 
mass concentration 
solubiltn index 
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Table A1: Initial scan of total metals in the adit and pond 5 samples. Concentrations are 
in mg/L. 

Constituent Detection limits Adit Pond 5 
Aluminum 0.05 1.8 ND 
Antimony 0.05 ND ND 
.Arsenic 0.0020 0.0029 ND 
Barium 0.010 0.018 0.014 
Beryllium 0.005 ND ND 
Boron 0.02 ND ND 
Cadmium 0.0001 0.025 0.003 
Calcium 0.1 210 210 
Chromium 0.01 ND ND 
Cobalt 0.01 ND ND 
Copper 0.005 0.31 ND 
Iron 0.01 16 0.29 
Lead 0.005 0.018 ND 
Magnesium 0.1 19 20 
Manganese 0.005 2.9 1.4 
Mercury 0.0002 ND ND 
Molybdenum 0.010 0.031 0.024 
Nickel 0.02 ND ND 
Potassium 1.0 1.5 2.0 
Selenium 0.1 ND ND 
Silicon 0.5 6.8 5.3 
Silver 0.0001 ND ND 
Sodium 3.0 7.1 8.4 
Strontium 0.02 2.6 2.6 
Tin 0.04 ND ND 
Titanium 0.02 ND ND 
Vanadium 0.01 . ND ND 
Zinc 0.005 4.4 0.3 

ND = not detected 



Table A2: Water analysis of the adit and pond waters 

PARAMETER ADM POND 18 POND II POND 9 POND 5 
SURFACE SURFACE SURFACE INTERFACE SURFACE INTERFACE SURFACE INTERFACE 

lnig/L] lmg/L| ll"g/L| |lllg/L| (nig/I.] ling/LJ |ltlg/L] Img/L] 
Cadmium, Total 0 025 0.0058 0 0038 0.0039 0.0038 00039 0.003 0.0035 
Cadmium, Dissolved 0.022 0.0034 0.0028 0 0027 0.0029 0.0018 0.0031 0.0032 
Calcium, Total 210 260 220 220 220 220 220 230 
Calcium, Dissolved 210 220 200 210 210 210 210 220 
Copper, Total 0.31 0 031 0.012 0.014 0.013 0.012 < 0.005 0.006 
Copper, Dissolved 0.007 < 0.005 < 0 005 < 0.005 <0.005 <0.005 <0.005 < 0.005 
Iron, Total 16 2 0 64 0.8 0.65 0.72 0.29 0.37 
Iron. Dissolved 0.85 0.29 005 001 0.14 0.36 0.02 0.01 
Lead, Total 0.018 < 0.005 < 0.005 < 0 005 < 0.005 <0.005 <0.005 < 0.005 
Lead, Dissolved < 0.005 < 0 005 < 0.005 < 0.005 <0.005 < 0.005 < 0.005 < 0.005 
Magnesium, Total 20 19 20 20 20 19 20 21 
Magnesium. Dissolved 19 18 18 18 18 18 20 20 
Manganese. Total 3 2 1.7 18 1.7 1.7 1.8 1.4 1.5 
Manganese, Dissolved 2.9 1.6 17 1.7 1.7 , 1.7 1.4 1.5 
Zinc, lotal 4.4 0 83 0 4 0 43 0.4 0.42 0.31 0.34 
Zinc, Dissolved 4 3 0.21 0 2 0.19 0.24 0.19 0.3 0.32 
I'otasium 1.5 16 1.7 1.5 17 1.3 2 2.2 
Sodium 7.1 8.3 8.1 8.3 8.2 8.3 8.4 9.2 
Sulfate 420 350 530 550 310 310 570 510 
Chloride 3 3 3 3 3 3 3 3 
DO 6 2 6.3 6.9 4.4 7 4.9 7.9 6.5 
TSS 42 5 5 5 5 5 5 5 
IDS 820 820 860 840 830 840 890 880 
Alkalinity as CaCOi 77.2 70 68.8 66.8 67.6 66 98.4 90 
Bicarbonate as HCOL 94 85 83 81 82 80 120 110 
Carbonate as COi1' 0.004 0.416 0.259 0.246 0.285 0.153 0.022 0021 
Total Carbonate as CO*' 103 44 43 42 43 42 78 70 
Hardness as CaCOi 608.3 720 570 600 633.3 629.2 633.3 630 
Pll 6.29 833 8.13 8 12 8.18 7.92 6.91 6 93 
Conductivity, uS/cm 960 944 . 923 925 939 945 1039 1020 
Fetll) 15 <0.1 <0 1 <0 1 <0 1 <0 1 <0.1 <0.1 
Temperature, C 18 6 18 1 17 1 17.1 1 7 6  17.9 1 9 3  18 9 
Eh, millivolts* 447 436 479 503 398 

*Eh values from June, 1995 ESA measurements 
Results 5 times greater than detection limits have a 20% cnor due to dilution 
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J#1 : 
St J Table A3: Analysis of grab sample from pond 5 

Constituent Pore water, 
mg/L 

Sediment 
mg/Ks 

Core length = grab sample 
sample depth from top of core, cm grab grab 
Cadmium, total 190 
Cadmium, dissolved | 0.0048 
Calcium, total 18000 
Calcium, dissolved " 280 
Copper, total 660 
Copper, dissolved 0.005 

Iron, total 100000 
Iron, dissolved 0.1 
Lead, total 300 
Lead, dissolved 0.008 
Magnesium, total 4400 
Magnesium, dissolved 26 
Manganese, total 66000 
Manganese, dissolved 0.034 
Zinc, total 18000 
Zinc, dissolved 0.93 
Potasium 3.8 2600 
Sodium 12 <500 
Sulfide.mg/1 <0.1 

Sulfate, mg/1 as S04 180 
Chloride, mg/1 J 
DO. mg/1 2.2 
Alkalinity, mg/1 as CaCo3 282.5 
Bicarbonate as HC03' 338.7 

Carbonate as C03~' 0 

Hardness, mg/1 as CAC03 810 
pH. s.u. 7.15 
Conductivity. uS/cm 1387 
FECII), ppm <0.1 
Temperature. C 23.2 
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Table A4: Analysis of core samples from Pond 9. 

Constituent 
Core length = 40 cm Pore water. me/L Sediment. me/Ke 
Sample depth from top of core, cm 0-5 10-20 24-40 0-5 10-20 24-40 
Cadium. total 180 100 86 
Cadmium, dissolved 0.0068 0.0006 0.0007 
Calcium, total 110000 75000 70000 
Calcium, dissolved 260 250 250 
Copper, total 1000 900 830 
Copper, dissolved 0.005 0.005 0.005 
Iron, total 110000 180000 180000 
Iron, dissolved 0.06 008 0.08 
Lead, total 1 240 450 500 
Lead, dissolved 0.005 0.005 0.005 
Macnesium. total 3600 2600 2800 
Magnesium, dissolved 30 25 24 
Manganese, total 34000 16000 11000 
Manganese, dissolved j 0.035 2.7 5.4 
Zmc. total | 31000 20000 17000 
Zinc, dissolved 1.4 0.24 0.26 | 
Potasium 1.8 3.5 3.8 | 1600 1700 1700 
Sodium 8.5 8.3 7.9 <500 <500 <500 
Sulfide, mg/1 < 0 . 1  < 0 . 1  < 0 . 1  
Chloride, mg/1 3 3 3 
DO. mg/1 3.5 2.5 1.8 
Alkalinity, mg/1 as CaCoS 282.5 187.5 260 
Bicarbonate as HC03- 338.7 224.8 311.8 
Carbonate as C032- o

 
o

 

o
 

o
 

o
 

o
 

Hardness. mg/1 as CAC03 770 730 720 
pH. s.u 7.24 7.61 7 55 
Conductivitv. uS/cm 1326 1291 129] 
FE(II). ppm < 0  1  < 0 . 1  < 0 . 1  
Temperature. C 22 23.6 22.9 
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Table AS: Analysis of Core samples from pond 11 

Constituent 
Core length = 1 *0 cm Pore water. me/L 1 Sediment. mg/Kg 
sample depth from top of core. 0-24 100-110 155-160 0-24 100-110 155-160 
cm 
Cadmium, total 190 150 170 
Cadmium, dissolved 0.0034 0.018 0.0056 
Calcium, total 62000 15000 14000 
Calcium, dissolved 250 260 220 
Copper, total 1600 1S00 2600 
Copper, dissolved 0.032 0.005 0.005 
Iron, total | 180000 230000 200000 
Iron, dissolved 0.01 0.01 0.01 
Lead, total 400 770 1700 
Lead, dissolved <0.005 <0.005 <0.005 
Magnesium. total 5300 4400 2900 
Magnesium. dissolved 26 29 
Manganese, total 24000 8900 21000 
Manganese, dissolved 0.005 0.005 0 005 
Zinc, total 40000 36000 37000 
Zinc, dissolved 0.96 3 . 4  1 . 5  
Potasium 1.5 1 . 7  1.4 2300 2300 1400 
Sodium 9.2 8 . 5  8.5 <500 <500 <500 
Sulfide, mg/1 < 0 . 1  < 0 . 1  < 0 . 1  
Chloride, mg/1 J 3 j 

DO. mg/1 5.2 6 . 1  6 
Alkalinity, mg/1 as CaCo3 200 193.8 92.5 
Bicarbonate as HC03- 239.8 232.4 1 1 0 . 9  
Carbonate as C032- 0.0 0.0 0.0 
Hardness. mg/1 as CAC03 730 770 660 
pH. s.u 6.97 6.92 7.47 
Conductivity. uS/cm 1287 1235 1 1 4 8  
FE(II). ppm < 0 . 1  < 0 . 1  < 0 . 1  
Temperature. C 25 19.9 19 6 



Table A6. Analysis of core sample from pond 18 

Constituent 
Core length = 243 ctn Tore water Sediment 
sample depth from top of core, cm 0-10 103-113 231-235 235-243 0-10 29-33 53-63 103-113 145-155 205-215 231-235 235-243 
Cadmium, total 210 130 66 220 150 72 65 34 
Cadmiiun, dissolved 0.0003 0.0008 0.0003 0.0014 
Calcium, total 140000 140000 160000 130000 170000 250000 270000 39000 
Calcium, dissolved 120 180 60 150 
Copper, lotul 4 tOO 1600 95(1 4300 910 73(1 400 54(1 
Copper, dissolved 0 005 0.005 0.009 0.008 
Iron, total 120000 72000 84000 160000 130000 68000 50000 260000 
Iron, dissolved 0.02 0.42 0.02 0.01 
Lead, total 170 100 100 370 130 100 140 1800 
Lead, dissolved 0005 0.005 0.018 0.011 
Magnesium, total 22000 24000 15000 6800 7000 41000 16000 6000 
Magnesium, dissolved 120 72 250 210 
Manganese, total 13000 8300 7700 7500 8400 10000 12000 2800 
Manganese, dissolved 0 005 0.13 0.018 0.057 
Zinc, total 42000 26000 17000 54000 35000 16000 14000 6900 
Zinc, dissolved 0.014 0.37 0.03 0.11 
1'otasiuin 15 19 5.2 2.8 <500 <500 <500 3000 
Sodium 9.1 11 8.7 9 <500 <500 <500 <500 
Sulfide, ing/l 0 0 0 0 
Chloride, mg/1 3 3 3 4 
DO, mg/1 4.7 5.1 5.2 5.2 
Alkalinity, mg/1 as CaCoj 72.5 86.3 443 8 657 5 
Bicarbonate as HCOf 86.9 103.5 532.1 788.4 
Carbonate as COi'" 0 0 0 0 
Hardness, mg/I as CACOj 790 740 1200 1200 
pH, s.u. 7.6 7.4 762 8 19 
Conductivity, uS/cin 1341 1363 2115 2293 
l'E(U), ppm 0 0 0 0 
Temnerature. C 20.6 25.6 26 9 34 



Table AT Field analysis results of pore waters extracted from the cores from ponds 5. 9. 
and 11 

Depth from Temperature PH DO Fe(II) Sulfide Conductivity Alkalinity 
Sample ID top of core C s.u. mg/L ppm ppm uS/cm mg/L as Sample ID 

cm CaCO, 
P5 PW2-01 grab 31.5 7.53 0.6 nm nm 1380 nm 
P5 PW2-02 crab 2 7.15 2.2 <0.1 <0.1 1387 2S2.5 
P9 PW1-01 0-5 22 7.24 3.5 <0.1 <0.1 1326 282.5 
P9 PW1 -02 5 nm 7 i nm nm nm nm nm 
P9 PW2-01 5-10 23.3 7.45 2.9 <0.1 <0.1 1336 270 
P9 PW4-01 10-20 23.6 7.61 2.5 <0.1 <0.1 1291 187.5 
P9 PW5-01 20-24 n 7.34 2 2 <0.1 <0.1 1272 225 
PQ PWti-01 24-40 22.9 7.55 1.8 <0.1 <0.1 1291 260 
Pll PWl-Ol 0-24 25 6.97 5.2 < 0.1 <0.1 1287 200 
Pll PW2-01 24-36 25 7.17 5.6 <0.1 < 0.1 1185 160 
PI 1 PW3-01 36-46 25 7.02 5.3 <0.1 < 0.1 1483 216.3 
Pll PW4-01 46-56 30.5 6.57 5.3 <0.1 <0.1 1570 272.5 
PI 1 PW5-01 56-66 26.7 6.56 5.3 < 0.1 <0.1 1365 . 152.5 
Pll PW6-01 66-76 24.7 6.18 4.3 <0.1 <0.1 1236 121.3 
Pll PW7-01 76-86 25.8 6.94 5.1 <0.1 < 0.1 1238 78.8 
Pll PW8-01 86-90.5 21.3 7.18 5.7 <0.1 <0.1 1381 243.8 
Pll PW9-01 90.5-100.5 22.5 7.17 5.1 <0.1 <0.1 1310 173.8 
Pll PW12-01 100.5-110.5 19.9 6.92 6.1 <0.1 <0.1 1235 193.8 
Pll PW13-01 110.5-112.5 21.3 6.89 5.9 < 0.1 <0.1 1091 185 
Pll PW14-01 112.5-122.5 17.1 5.56 6.1 < 0.1 <0.1 1070 100 
Pll PW 15-01 122.5-132.5 23.7 7.14 5.2 <0.1 <0.1 1188 106.3 
Pll PW 16-01 132.5-140 24.1 7.2 5.2 0.2 <0.1 1232 187.5 
Pll PW 16-02 140-142.5 24 7.13 nm <0.1 <0.1 nm nm 
Pll PW17-01 142.5-147 23.2 6.57 4.3 <0.1 <0.1 1138 145 
Pll PW18-01 147-151.5 18.9 7.3 6.4 <0.1 <0.1 1099 161.3 
Pll PW 19-01 151.5-155 19.4 7.24 5.8 < 0.1 <0.1 1139 186.3 
Pll PW20-01 155-160 19.6 7.47 6 < 0.1 <0.1 1148 92.5 



Table A8: Field analysis results of pore waters extracted from the core from pond 18 

Sample ID Depth from 
top of core cm 

Temperature 
C 

pH 
s.u. 

DO 
mg/L 

Fe(II) 
ppm 

Sulfide 
ppm 

Conductivity) Alkalinity 
uS/cm j mc.L as 

j CaCO-
P18 PW1-01 0-10 20.6 7.6 4.7 <0.1 <0.1 1341 72.5 
P18PW2-01 10-14 24.2 7.6 5.3 <0.1 <0.1 1596 136.3 
PI8 PW3-01 14-18 28.3 7.83 5.6 <0.1 <0.1 2355 211.3 
P18 PW4-01 18-22 26.9 8.22 5.8 <0.1 <0.1 2713 722.5 
P18 PW5-01 22-25 27.2 8.34° 5.6 <0.1 <0.1 2177 395 
PI8 PW6-01 25-2" 30.2 7.96 5.7. <0.1 <0.1 3954 1330 
P18PW7-01 27-29 25.7 8.09 4.8 <0.1 <0.1 3386 140S.8 
PI8 PW8-01 29-33 21.7 8.44 5 <0.1 <0.1 1877 288.8 
PI8 PW9-01 33-43 22 2 7.41 4.7 <0.1 <0.1 1389 62.5 
P18 PW10-01 43-53 3 8.85 4.7 <0.1 <0.1 1396 101.3 
P18 PW11-01 53-63 33.3 7.85 5.1 <0.1 <0.1 1630 55 
P18 PW12-01 63-73 24.3 7.45 5.8 <0.1 <0.1 1316 41.3 
P18PW13-01 73-83 22 7  7.42 5.3 <0.1 <0.1 1472 108.8 
PI8 PW14-01 83-93 72  7  7  5 <0.1 <0.1 1355 103.8 
PI8 PW15-01 93-103 32.5 7.34 5.1 <0.1 <0.1 1505 127.5 
PI8 PW 16-01 103-113 25.6 7.4 5.1 <0.1 <0.1 1363 86.3 
P18PW17-01 113-123 26.6 7.32 4.6 <0.1 <0.1 1379 117.5 
PI8 PW18-01 123-133 25 7.07 4.5 <0.1 <0.1 1428 133.8 
PI8 PW 19-01 133-135 32.4 6.89 5.3 <0.1 <0.1 1735 356.3 
P18 PW20-01 135-145 31.4 7.24 4 <0.1 <0.1 1677 212.5 
PIS PW21-01 145-155 33 7.24 3.7 <0.1 <0.1 1525 118.8 
PI8 PW22-01 155-165 29.9 7.32 4.6 <0.1 <0.1 1614 151.3 
P18 PW23-01 165-175 25.7 7.41 4.4 <0.1 <0.1 1521 105 
PI8 PW24-01 175-185 23.2 7.28 . 4 4 <0.1 <0.1 1331 171.3 
PI8 PW25-01 185-195 28.2 7.37 4.3 <0.1 <0.1 1734 312.5 
PI8 PW26-01 195-205 29.2 7.26 5.5 <0.1 <0.1 1598 48.8 
PI8 PW27-01 205-215 30.1 7.9 4.7 <0.1 <0.1 1834 77.5 
P18 PW28-01 215-219 29.7 8.54 4.8 <0.1 <0.1 3066 427.5 
P18PW29-01 219-223 32.7 8.28 3.7 <0.1 <0.1 2770 238.8 
P18 PW30-01 223-227 31.4 8.09 4.7 <0.1 <0.1 2366 222.5 
P18 PW31-01 227-271 30 8.13 4.8 <0.1 <0.1 2278 253.8 
P18 PW32-01 231-235 26.9 7.62 5.2 nm nm 2115 443.8 
P18 PW33-01 235-242.5 34 8.19 5.2 <0.1 <0.1 2293 657.5 



Table  A9:  F low ra tes  in  MGD measured  a t  the  CTDITS Out fa l l ,  1984-1996.  

1984 1986 1989 1990 1991 1992 1993 1994 1995 1996* 
January 1.12 1 07 0 88 0.81 0.68 0.87 0.82 0.97 0.97 1.00 
February 1.50 1.02 1.00 0.78 0.69 0.87 0.81 0.97 0.97 0.92 
March 1.18 1 07 0.93 0.74 0.65 0.87 0.72 0.90 0.97 0.95 
April 1 43 1.40 1.00 0 63 0.72 0.88 1 22 0.89 0 99 1.03 
May 1.79 1.50 0.96 0 68 0.74 0.92 1.53 0 97 1.04 0.97 
June 2.45 1.80 0.98 0 66 0.76 1.02 1.80 0.97 1.22 0.87 
July 2.18 1.80 0.97 0.71 0.79 1.22 1.80 0.97 1.75 
August 1.86 1.60 0.93 0.70 0 81 0 92 1.48 0.97 1 72 
September 1.60 1.50 0.88 0.72 0.80 0.90 1.43 0.97 1 68 
October 1 40 1.40 0.86 0.74 0.75 0 81 1.23 0.97 1.68 
November 1.34 1.40 0.83 0.75 0.72 0.76 1.02 0.97 1.68 
December 1.17 1.28 0.82 0.68 0.87 0.87 0.97 0.97 1.42 

* Through 19 June, 1996 



Table  A10:  Liming  ra tes  in  lbs /day  a t  the  S t  Louis  t rea tment  p lan t ,  1984-1096.  

January 
Febniary 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1984 
TRT 

500 
368 
260 
366 
1036 
916 
1423 
904 
1209 
1216 
1690 

1986 
335 
335 
420 
800 
956 
1450 
1390 
695 
570 
370 
300 
300 

1989 
60 
15 
1 1  
25 
25 
49 
85 
26 
12 
15 
14 
10 

1990 
3 7  
46 
124 
120 
2 1 1  
278 
486 
307 
2 1 1  
199 
290 
352 

1991 
350" 
386 
336 
339 
255 
159 
189 
194 
174 
175 
254 
254 

1992 
250 
240 
2 1 2  
2 1 0  
223 
253 
243 
295 
284 
277 
503 
140 

1993 
252 
365 
430 
504 
564 
582 
753 
753 
693 
58 

290 
227 

1994 
483 
497 
550 
805 
632 
506 
660 
748 
694 
627 
755 
740 

1995 
708 
786 
707 
7 1 5  
638 
635 
649 
557 
504 
627 
699 
775 

1996* 
1W 

807 
680 
7 3 1  
7 4 8  

* Through 19 June, 1996 
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EPA orders Rico mining company to pay for 
pollution cleanup 

Denver — On June 2,2003, the U.S. Environmental 
Protection Agency (EPA) and the State of Colorado lodged 
consent decrees resolving litigation against the estates of two 
former shareholders of the Rico Development Corporation 
(RDC) for discharges from mine tunnels at the Rico 
Argentine mine site near the Town of Rico in southwest 
Colorado. The proposed settlements require the estates of the 
deceased shareholders, Wayne Webster and Virginia Sell, to 
pay $180,000 and $110,000, respectively. 

The money will be deposited in the Rico-Argentine Special Account 
within EPA's Hazardous Substance Superfund, and the funds will be 
earmarked for conducting or financing any cleanup related to the site. If 
the money in the Special Account is not used at the site, it will be 
transferred to the EPA Hazardous Substance Superfund. The consent 
decrees are subject to a 30-day public comment period and approval by 
the U.S. District Court for the District of Colorado. 

RDC was incorporated in 1988 by Mr. Webster and Ms. Sell's late 
husband for the purpose of developing the site, which is located along 
the Dolores River and one of its tributaries, Silver Creek, in the San 
Juan Mountains in Dolores County. Although RDC was not engaged in 
mining activities at the site, it was responsible under a permit issued by 
the State of Colorado for treating the contaminated mine water that 
discharges continuously from the St. Louis Tunnel, the main point of 
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discharge from the mine. RDC frequently violated its permit limits over 
the years and then completely stopped treating the contaminated mine 
water in 1996. RDC thereafter abandoned the St. Louis Tunnel 
treatment plant and allowed the plant to be dismantled, prompting the 
July 1999 lawsuit by EPA and the State of Colorado. 

RDC purchased the mine site from the Atlantic Richfield Company 
(ARCO). Predecessors of ARCO and NL Industries (formerly the 
National Lead Company) actively mined the area and dug the St. Louis 
Tunnel, which was the main focus of the lawsuit. 

The proposed settlements will not be sufficient to reinstall and operate a 
treatment plant to treat the contaminated water discharged from the St. 
Louis Tunnel. However, EPA has been monitoring efforts by ARCO — 
undertaken with the Town of Rico and the current mine owners — that 
may result in the construction of such a plant. EPA will continue to 
oversee those efforts to ensure that a treatment plant is successfully 
constructed and operated. 

### 
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